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ABSTRACT 
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educatibri was 



volume iricludes: (1) an introduction tb thestudy; (2) an 
science curriculum policies; and (3) an analysis of science 

Part One provides informat ibri bri the focus of the study 
theconceptual basis of the study^s objectives), a 

of the deliberative inquiry strategy used, and a ^ 

of research for policy deliberation. Part Two examines 
the school curriculum (considering such areas as science 
science requirements for graduation , and the 



of 



textbooks . 
(iricluding 
discussion 
di scussion 

science in 

course offerings. 



development of science 



curriculum_policies) and the of f icial aims arid 



strategies of science educatibri. Part Three analyzes the role bf 
textbooks in science educatibri; examines selected textbbbk features; 
and discusses findings related to thestated aims of science 
textbooks, acquisitibri bf scientific skills , the ^ 
science-techriblbgy-sbciety interaction^ the Canadian cbntext in ^ 
science teachirig, images of science conveyed in the textbbbks, and 
the encburagemerit tb pursue careers in science and engineering. 
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Foreword 



Excellence in science and technology is essential for Canada's successful 
participation in the information age. Canada's youth, therefore, must 
have a science education of the highest possible quality. This was 
among the main conclusions of the Science Council's recently published 
report, Stience for Every SMent: EducaHn^ Canadians for Tomorrow s World, 
Science for Every SLudent is the product of a comprehensive study of 
science education in Canadian schools begun by Council in 1980^ The 
research program, designed by Council's Science Education Committee 
in cooF?eration_with every ministry of education and science teachers' 
association in Canada, was carried dUt in each province and territory by 
some 15 researchers. Interim research reports, discussion papers and 
workshop proceedings formed the basis for a series of nationwide con- 
ferences during which parents and students, teachers and administra- 
tors, scientists arid engineers, arid representatives of business and labour 
discussed future directibris for science education. Results from the con- 
fererices were theri Used to develop the conclusions and recommenda- 
tibris bf the firial report. 

Tb stimulate continuing discussion leading to cpricrete chariges iri 
Cariadiari science education, and to provide a factual^ basis fbr sUch dis- 
cUssibri, the Science Council is nov^ publishing the results bf the re- 
search as a background study. Science EducaHon in Canadian Schoop, 
Background Study 52 concludes, riot with its bwri recommendations, 
but with questions for further deliberatibri. 

The background study is iri three vblUmes, coordinated by the 
study's project officers. Dr. Graham Orpwbbd and Mr^ Jean-Pascal 
Souque. Volume I, InlroducHoh and Curricutum Anaiyses, descTibes the 
philosophy and riiethbdblbgy bf the study. Volume I also includes an 
analysis of scierice textbbbks Used in Canadian schools. Volume II, S/a- 
tistical Dafabase for Canadian Science Education, comprises the results of_a na- 
tional survey bf science teachers: Volume HI, Case Studies. (^ Science 
Teaching, has been prepared by pj-ofessors John Olson arid Thbriias 
RUssell bf Queen's University, Kingston, Ontario, in collabpratibri with 
the prbject officers and a team of researchers from across Cariada. This 
volume reports eight case studies of science teachirig iri actibri iri 
Canadian schools: To retain the anonymity of the teachers who allbwed 
their work to be observed, the names of schools arid individuals have 
been changed throughout this volume. 
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As with all background studies published by the Science Council, 
this study represents the vievvs of the authors and not necessarily those 
oF Council. 



james M. Gilmour 
Director of Research 
Science Council of Canada 
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L FoGUs of the Study 



Science forms part of the curriculum of almost every school in Canada.' 
In all provinces arid teffitdries, students are required by ministry/ 
dcpc^rtmerit of education policy to study this subject from their earliest 
years iri the classroom until at least grade 9 or 10. In many of these class- 
rooms, special facilities for use in teaching and ^^^rning science ^re pro- 
vided; iri most, textbooks focussed on science are a major componen^t of 
the studerits' experience. Correspondingly, teaching science is an impor- 
tant activity for many teachers: Por some, it is their specialty; for others, 
one subject among several that they teach. 

But why do students study science at all? For what purposes are all 
these provisions made? For what objectives are the textbooks and class- 
room activities designed? What educational aims are tn-4he minds of 
those who teach? Furthermore, are these various ihtehtibpS/ purposes, 
and aims con^uent? Are the aims of science education set forth iri miri- 
istry /department policies reflected in the objectives of teachers, text- 
books, and classroom activities? Arid, riibst iriiportarit of all, do all (of 
any) of these objectives reflect the rieeds of studerits iri school, who ate 
living arid growing as iridividuals, as riieriibers of society arid as partici- 
pants in the Cariadiari ecbribriiy, ribw, to the turri of the century and 
beybrid? 

Why is scierice taught? Although this might seem a trivial question, 
it is iriipbrtarit ribt just tb assure brieself that there are answers — that 
scierice is a deferisible part of what students are offered ~ ^^*_^^5^°se 
the riature of the ariswer(s) affects what one expects of science edaca- 
tibri. Arid, iri askirig about the aims of science education^ we are asking 
about the health of the enterprise itself and about its relation to the so- 
cial context. The relationships among the stated aims of science educa- 
tion, the concrete realities of science in schools and the future needs of 
Canadians are recurrent themes in this study of science education iri ele- 
mentary and secondary schools. 
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While this background study is bbUrid, for convenience, in three 
volumes, it is hot a series of independent studies. The research program 
of the overall study consists of a group of interrelated components, all of 
which are set in the larger context of an overall strategy called a ''delib- 
erative inquiry." To assist the reader in appreciating this strategy and 
the relationships among its various components, part one of this volume 
contains discussions of the objectives and focus of ^he study (chapter I), 
of the overall strategy of deliberative inquiry (chapter II) and of the re- 
search pfdgfam conducted (chapter Hi). Parts two and three describe in 
detail analyses of provincial curriculum policies For science^ and oF 
science textbooks. Volume H contains reports oF a survey of science 
teachers and volume ill, case studies of science teaching. 

Criticisms of Science Education 

In October 1979, the Science Council decidod to undertake a study of 
science ediication in response to various criticisms that had begun to 
surface during the previous few years. Criticism of education is nothing 
new; the school curriculum is a perennial target for critical comment 
from inside and outside the school system. But, from time to time, criti- 
cisms of a particular type come together to generate ah especially strong 
challenge for change. The history of educatibh_cbhtaihs mahy examples. 
In the case of science education, the post-Sputhik move towards a 
greater emphasis on teachihg about the hature of science is one such in- 
stance. But the present rbuhd of criticism is qUite different. At issue now 
is not that students are hot learhihg what science is, nor that they are 
Failing to learn enough of it (although these are both of continuing con- 
cern to some critics), but rather that students do not come to appreciate 
the persohal, social or national relevance of science. 

A sighificaht influence on the Science Council's decision to conduct 
the study was Professor Thomas Symons. He observed in the report of 
the Cbmmissidh on Canadian Studies^ 

"Canadian school children learn of the accomplishments ahd im- 
pact of science in other countries. . . but they learn virtually hbth- 
ihg about the impact of science in their bwh cbuhtry, Ahd the 
reason is that they are not being taught such matters."^ 
Symbhs was, of course, concerned that science was hbt beihg idehtified 
for students as part of the "cultural Fabric of society. Rather, it was 
being presented as a body of knowledge and techhique, divorced from 
any national context of practice and applicatibh ihcludihg its historical 
development in and social implicatibhs for the Cahadiah community: 
Such a criticism is puzzling, eyeh bffehsive, tb many who are trained in 
science and who take particular pride ih the universality of their disci- 
pline. This reactiph is a matter tb which we shall return^ 

David Suzuki, himself a member of the Science Counci[ of Canada, 
is another prbmiheht critic of Canadian science education. He has often 
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suggested that by perpetuating the separation of the two cultures (arts 
and science), schools "fail to educate:"^ Such an education, he claims, 
serves neither the country's future scientists nor the general public and 
their political leaders:^ ^n the one hand, potential scientists are riot 
taught that they have a moral responsibility to society, whiles bri the 
other, members of the public, even the highly educated public, are 
shamelessly ignorant about the effects of science and technology on 
their lives. 

While tjiese criticisms were directed towards science education 
throughout Canada, more specific concerns were also surfacing in some 
prbyirices, where more iriterisive research into the state of science teach- 
ing had been conducted. In Quebec, for example, Jacques Desautels, in 
Ecote + Science = tehee (School + Science = Failure), strongly challenged 

current ways of teaching science. He warned: 

"Research results show that students are not developing scientific 
attitudes: Their interest in science is decreasing instead of increas- 
ing. Still worse, because of 'streaming' in schools, science teaching 
promotes elitism rather than scientific literacy. Not only do our stu- 
dents fail to learn anything; they are miseducated."^ 
Thus, both at the national and at the provincial level,^ cor^cerns were 
being expressed about the state of science education in schools. 

The Science Council did not accept these criticisms without ques- 
tion. Nevertheless, coming from well-placed observers of the educa- 
tional system, they were cause for concern. If the assertions were 
correct, the consequences for Canada and Canadians were serious. In a 
society increasingly dependent upon science arid technology, a public 
with little or no understanding of science arid its impact bri society is at 
the mercy of technological change._Recb^rii2irig the seriousness of these 
criticisms, the Science Cburicil bf Cariada coricluded that the establish- 
inent of a study bri scierice educatibri iri Canada could be justified as im- 
portant to the scientific health bf the nation arid thus as falling within its 
respbjisibilities. 

Cbricerri over the state bf scierice education is not a uniquely 
Cariadiari pheribmeribri. Iri the past several years; reviews of science 
educatibri have beeri conducted in the United States^ and in England^ 
Arid, iri the developing countries, the need for revitalizing scientific and 
technological education is so great that UNESCO recently sponsored a 
special conference on the subject:® Thus, the Science Council's study 
can be seen as parallel to other national responses to similar concerns 
about the teaching of science in schools. 

Objectives bf the Study 

The criticisms and concerns have been articulated with sbriietiriies dis- 
arming clarity and force. However, it does not follow that a prbblem 
amenable to research^ and policy analysis is equally clearly discerriible.' 
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While all the critics agree that science education in Canada needs im- 
provement; they do not observe the same symptoms, diagnose the same 
ailment or prescribe the same remedy. Suzuki's concern for the lack of a 
sense of moral responsibility among^ science specialists would not be af- 
fected by Symons's suggestions for greater atteritibri to Canadian 
science. Nor would Desautels's preferred curriculum solve the problem 
of inadequately trained human resources for high^echnology industry, 
identified by others. It is difficult, therefore, to identify a research prob- 
lem directly based on these cbmmehts without >mplicitly backing the 
position of one critic over the others arid thus, to some degree at least, 
anticipating the cbriclusibris of the study. 

However, the apparent cbrifusibri cari be resolved into a series of ar- 
guments over the ways students are taught science and the purposes for . 
which students learri scierice. The critics are arguing that science educa- 
tion is hot being directed towards what they regard as the most impor- 
tant objectives or, at least, that scierice education is not achieving the 
objectives it claims tb be achieving. And, for the most part, they are bas- 
ing their arguments bri assessments of the present or future needs of 
students. This type bf criticism is quite distinct from concern over the 
content bf scierice education. For example; we have not been hearing in 
recent years that students should learn more (or less) about, say, mag- 
rietisnt or genetics, but that such topjcs should be learned so that stu- 
derits come to recognize the social and personal relevance bf scieritific 
kriowledge. 

Based on this interpretation of the thrust of the majbr critics bf ^ 
scierice education in Canada, the study was established in the spririg bf 
1980 with three general aims: 

• to establish a documented basis for describing the present pur- 
poses and general characteristics bf scierice teachirig iri 
Canadian schools; _ 

• to conduct an historical analysis of science education iri Cariada; 

• to stimulate active deliberation concerning future bptibris fbr 
science education in Canada. 

The first of these aims arises from the need to have a factual basis fbr 
debating criticisms of the variety discussed earlier. Sirice Cariadiari 
science education generally lacked such a basis, the research repbrted in 
this background study was conducted to meet this rieed. At thfe time of 
writing; work on the second aim is still in prbgress. The historical per- 
spective enables one to understand present practice (including the ob- 
jectives of the enterprise) in the light bf past experience: Very Jittle 
effort has been made in the past tb cbllect br analyze the histoncaj back- . 
ground of science education iri Cariada. The third and most important 
aim foUows from the first twb. If charige is not only to be justified logi- 
cally but alsb tb be implenierited practically^^ 

science educatibri iri Cariada must themselves deliberate over their pur- 
poses arid practices. Work towards this aim consists of stimulating a 
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process rather than developing a product and will be discussed injnore 
detail in chapter II. For the present, the concept of "purposes of science 
teaching" must be clarified ^nd linked to concrete targets of research. 

Conceptual Basis of the Study's Objectives 

Two pieces of theoretical work have been particularly useful in clarify- 
ing what we mean by "purposes, aims, or objectives in science teach- 
ing," and how we have tried to identify them in practice: Roberts's 
concept of a "curriculum emphasis,"'^ and Argyris and Schoh's analysis 
of different "theories of actiph."^^ In this section, we explain these two 
conceptual cbmpbnehts of the study and use them to clarify the rela- 
tionships among the aims of science education, the practice of science 
teaching in schools, and the rieeds of students. The third conceptual 
cbmpoheht, educational "heeds," is more difficult to explore. "Needs" 
adds a normative or ethical cdmpdherit which changes the nature of the 
overall problem. It is the key to understanding the methodology of the 
study arid will be discussed in detail in chapter ii: 

Curriculum Emphases: Expressing EducaYional Aims 
through Teaching _ _■ 

The teaching of science, like most other forms of cbmmUriicatiori, cdri- 
veys more than one set of messages to its recipierits simUltariedUsly. At 
one \eye\j science teaching cbmmuriicates scientific irifdfmatidri. But, 
beybnd this level of cbmmuriicatidri, scierice cdriterit is always embed- 
ded in a cbritextual web bf intent or pUrpdse. The various contexts in 
which scierice topics cari be preserited cari result in correspondingly dif- 
fererit learriirigs dri the part df the student. These ^ifterent_^'con texts" 
have beeri described by Roberts as "carricalum emphases:" He explains 
fhis term as fdlldws: 

"A curricuiurii emphasis in science education is a coherent set of 
riiessages to the student nbuut science (rather than ipiihin science). 
Such messages constitute objectives which go beyond learning the 
facts, principles; laws; and theories of the subject matter itself — 
objectives which provide answers to the student question: 'Why 
am j learning this?' "^^ 
And, while part of any science educator's concern is for teaching the 
content of science to students, another — frequently an even more im- 
portant part — is that the content be learned for some purpose beybnd 
itself: 

The example of separate treatments of the same scicfhce tbpic iri two 
different grade 8 textbooks illustrates the pbiht. In bne textbook, all bf 
the information about the methods bf heat transfer (cbriductibri, cbri- 
vection and radiation) is set in a cbritext bf explariatibris about hdw re- 
frigerators and solar heaters work. Photographs arid "cUt-away" 
diagrams illustrate these explariatibris. Iri the dther, the same scientific 
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principles are discussed but, this time, accompanied by an historical 
comparison of diFferent (and competing) theories to explain thermal 
phenomena. This account is illustrated with excerpts from 18th-century 
sclentiRc reports. In each case, the science cdriterit being communicated 
is the same while the contextual communication — the ^^rriculum ern- 
phasis — is markedly different. And these different ^"^ph^ses are the 
cbhcrete rcpresehtatibris of each book's different purposes for a stu- 
-deht's learning of science. 

Considerable research in recent years has showri^he "curriculum 
emphasis" cdricept to be useful, not only for analyzing textbooks, but 
also for understanding curriculum policy debate;" for developing in- 
structional units^^ and for interpreting different strategies of classroom 
teachirig.i^ In the present context; it provides a conceptual link between 
two key components of the study; the aims or purposes for science edu- 
cation and the teaching strategies through which those aims are realized 
in practice. This relationship (see Figure 1.1) appears simple when 
viewed abstractly. However, when one examines, as the study has had 
to do; both the rhetoric* and the practice of science education, its com- 
plexity intensifies. For clarification of this cbncej?tual component of the 
research, we turn to the analysis of Argyris and Schdn, whose cdhcefri is 
with how individual' professionals think and work within institutional 
contexts. 



Figure 1.1 - tht; Link Between Aims an d Te a ching Strategies 



te^el of Rhetoric AIMS (A),^ curncuiov. ^ TEACHING STRATEGIES 

emphases 



Theories of Action: Teaching and Talking nbout Teavhing 

Relating theory to practice in education — as in most other professional 
fields — has beeri a traditionally controversial and seemingly intractable 
problem. This is not the pjace jo review the variety of attempts at re- 
solving it and the corresponding variety of consequences for research 

•Note that_"rhetpric" is being used here in its root sense of "jariguage designed to 
persuade or impress" and not in its more usual, modern sense irpplyihg insincerity or 
emptiness: | 
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and professional education. The "curriculum emphasis" concept helps 
one to understand the relationship Between the aims of science educa- 
tion and the strategies teachers use in classrooms. But one must also 
realize that this concept can apply to education in more than one way: 
Argyris and Schon^ whose work has fbcussed on the problems of 
increasing professional competence within organizations, have de- 
veloped the notion that individuals' behaviours are determined on the 
basis of personal "theories of actibh."^^ Such theories are «lbout how to 
produce intended consequences arid thus about human effectiveness;^^ 
Everyone has a "theory of action" for their deliberate activities, whethej- 
or not they have articulated these theories. However, Argyris and Schon 
point out that people do hot necessarily behave congruently with their 
stated theories of action. 

"When someone is asked how he would behave an^er certain cir- 
cumstances, the answer he usually gives is his espoused theory of 
action for that situation. This is the theory of ^ction to which he 
gives allegiance and which, upon request, he communicates to oth- 
ers. However, the theory that actually governs his action is his 
theory-in-use, which inay or may not be compatible with his es- 
poused theory; furthermore, the individual may or may not be 
aware of the incompatibility of the two theories."^® 
Argyris arid Schori assert that "althoagh people do not behave congru- 
eritly with their espoused theories,: : : they do behave congruently \vith 
their theories-in-use, and they are unaware of this fact."^' According to 
this notion, all professional practitioners, such as doctors, teachers and 
research scientists, have two sets of theories relating to the various parts 
of their professional practice. Such an idea is not, of course, a revolu- 
tionary one; the gap between practice and theory, between concrete 
events and the rhetoric concerning them, is well dbcumerited iri several 
professional fields. Argyris and Schon's contributibris are, firstly, irigeri- 
eralizing the idea arid, secondly, in developing prbpbsals for profes- 
sional improvement on the basis of this idea. 

FoHov^^ing Argyris and Schbn, pur research prb^ram addresses two 
levels of reality (Figure 1.2). One level cbrrespbrids to the "espoused 
theories" of educators, described here as the "level of fhetdric." At this 
level, talk about teaching or about educatibrial aims takes place. Policy 
statemerits from miriistries/departmerits of education such as cur- 
riculum guidelines, prefaces to textbooks arid teachers' tajk about^the 
aims arid techriiques of scierice teaching all function, by definition, at 
this level. The secdrid level, the "level of practice," corresponds to 
teachers' "theories- iri-use" and represents the level of educational real- 
ity at which science classrooms function: The ways in jA^hich teachers 
actually teach, the real content of textbooks, and the concrete activities 
in which students participate are all at this level. It must be stressed that 
recognition of these two levels of reality implies no pejorative attitude 
towards activity at either level: Practice is not necessarily worse because 



it does hot correspond to rhetoric nor is talk about practice necessarily 
futile because its butcdme cannot be translated direcUy into action. 
However, research into science education must be planned to take into 
account the existence of these two levels (and ^he inevitable discrepan- 
cies between them). Only through such planning can research be expec- 
ted to increase the common understanding — common, that is, both to 
practitioners and observers or critics — of science education in Canada. 



Figure 1. 2 - Two Levels of Reality for EdacationaJ Research 



Level of Rh5tonc. AIMS (A)i^ # (T) TEACHING STRATEGIES 



Level of Practice; aim§ (aj *- — ^ (t) teaching strategies 



Scope of the Study 

Certain_practical limits to the scope of the study were established at the 
outset. Two, in particular, deserve mention: the levels of ed^catioji at 
which the teaching of science was examined; and the definition of 
"science" stipulated by the study. 

Educational Levels 

The study is primarily^cbncerhed with the teaching of science at the pre- 
college levels only. The main reason relates to the objectives of the 
study, which are f ocussed on the purposes or aims of science education. 
As students grow and move through the educational system (from kin- 
dergarten on, even perhaps to graduate schooljjhejr reasons or purposes 
for studying science change and so, correspondingly, do those of the 
programs arid courses. At the highest ieve|s, where students intend to 
specialize in scientific work for a career, program objectives a_re rela- 
tively few and specific (even if they are not v^^ell articulated). By con- 
trast, at the elementary and secondary levels, the numerous arid broad 
objectives correspond to the much broader range of students. At these 
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levels, schools must attend to the needs of all students and science pro- 

graihs must therefore serve a wide variety of purposes^ 

science education at these levels that the criticisms considered earlier 

have been directed. 

The selection of science education in elementary and secondary 
schools as the study's major focus does not, of course^ preclude consid- 
eration of other related activities which impinge on school science: uni- 
versity or college-level science education, science writing, broadcasting 
and films, museums and science centres, and any activity, brgahizatibh, 
publication or event that can have an impact on the teaching or learning 
of science in school. 



Table I.i - Distribution ol Grades by Prbyihce 








Early 


Middle 


Senior 


Province/Territory 


Years 


Years 


Years 


Newfoundland 


K-6 


7-9 


10-11* 


Prince Edward Island 


1-6 


7-9 


10-12 


Nova Scotia 


K-6 


7-9 


10-12 


New Brunswick 


1-6 


7-9 


10-12 


Quebec 


K-6 


7-9 


10-11 


Ontario 


k-6 


7-lb 


11-13 


Manitoba 


K-6 


7-9 


10-12 


Saskatchewan 


k-6 


7-9 


10-12 


Alberta 


K-6 


7-9 


10-12 


British Columbia 


k-7 


8-10 


11-12 


Northwest Territories 


K-6 


7-9 


10-12 


Yukon 


K-7 


8-10 


11-12 


' At the time of data cbllectibh. 


Newfoundland had not yet implemented its 


grade 12 program. 









Within the years oF elementary and secondary schbdlirig, each 
province and territory groups its grades into levels for curriculum par- 
poses. FoUov^ing this practice, we decided to refer to three dasters of 
grades as "early years/' "middle years" and "senior years" witWn each 
jurisdiction. However, provinces gf oup their grades in various ways. We 
therefore Followed the grouping of grades encoutitered in^ach province 
rather than imposing a uniform distribution. Table j^l shows the three 
levels used throughout the study with the corresponding grades. 

^cimce'\in Schodts 

The stipulation of what is regarded as "science"^in the context oF this 
study has been controversial because it is necessarily arbitrary. The con- 
troversy was not readily resolved by using a formal deBnition of science 
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to distinguish among school programs: Lists of school programs often 
have administrative rather than philosophical significance. Yet school 
people know what they mean when they talk of "science" programs as 
distinct from other school program areas. And since the school science 
carricaiam is the focus of the study, such school cbhvehtiph has alsp^p- 
peared to be the best basis for a stipulated definition of "science." The 
study has therefore examined those areas of the school curriculum 
designated in each province and territory as "science." 

Concretely, this has meant that physical, biological and earth 
sciences have been included and mathematics and social studies have 
been excluded from the major focus of the study. However, the effect of 
these latter subjects on the teaching arid learning of science has also 
been considered. This leaves a number of subjects, such as computer 
studies, agriculture arid techriblbgy iri a poorly defined "grey area." In 
prbvirices where these subjects are considered to be science subjects, 
they have beeri iricl tided. 
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11. Deliberative Inquiry 



Overview of the Strategy 

In this study, we take the position that discussiphs cbhcerried with 
changing the school curriculum inevitablyj>pssess both a rational arid a 
political character While much of what follows in this three- volume 
background study is an accbimt of apparently conventional research, 
the raSonal/pblitical character of the context in which it was conducted 
IS crucial to imderstahding its si^ficahce. It is thus worthwhile to ex- 
plain the position in some detail in order to clarify the study's overall 
strategy whose ver^ hame, deUberative inquiry, is intended to convey 
its eclectic nature. There are essentially three grounds upon which this 
pbsitidh rests. 

Science Curriculu us^lides ______ 

That a study focussed on the teaching of science in Canadian schools 
has both a rational and a pbliflcal cliaracter derives, first, from the view 
that the school cuniculum is itself a Form of policy. This is not the con- 
ventional view. The Saditiohal view sees the process of corriculani 
change as being highly ratibhail arid frequently linear. Aims are first 
identified, sometimes on the basis bf sb-cajled needs assessments; dien 
instructional strat^es are developed as the means of reaching those 
aims. One bf us has argued at length elsewhere^ that such a view is 
inadequate. Curricula should not be regarded as thougji ^^^^y were mere 
artifacts, things that can be tnade. If that were the case, the rational 
planriihg mbdels might indeed be appropriate: Hov/ever, a curricxUum 
decision represents more than Jost a rational conclusion to include 
tbpic X or method Y in a curnculum document. It represents a cbmmit- 
meht oh the part of an individual or a^oup to act in a specific inanner in 
a ^veh context (defined in tenns of^both time and place^. And that is a 
political judgement as well as a rational one. 
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Ah example may clarify the point. Suppose the coordihator of 
science for a school board has made the decision to include in the grade 7 
science? program for the board a unit on energy to be taught with a cur- 
riculum emphasis on its social relevance. And suppose, also, that this 
decision has been endorsed by the director of education; it then becomes 
part of the board's official program, which teachers of g^ade 7 science in 
that jurisdiction are required to teach: The decision is; or should be, a ra- 
tional one — the coordinator should be able to defend it with reasons, 
presumably based on students' prior knowledge, their future needs, the 
topic's piace in the discipline, the social context of education and so on. 
But the decision also has politicai impact; it requires people (mostly 
teachers) to act in certain ways — to teach energy with the apprbved 
emphasis — when placed in specific circumstances: this_ boards this 
grade, this year and so on. If the decisibri-makirig prbcess has failed to 
take into account this duality of character, the chances of effecting a de- 
fensible change are small. If the cbbrdihatbr acts only in a rational man- 
ner and fails tb cbnsider the impact of the hew requirement on the 
teachers ihvblved, the decisibh, however defensible in principle, will 
Ijkely be resehted ahd very possibly hot implemented. If, by contrast, 
the cbbrdihatbr acts ih a purely political manner arid disregards the sub- 
stantive merits of the decision, he has failed to live up to a professional 
responsibility to seek ways of irilpfdvirig the board's science program: 

Curricula are therefore regarded as a type of policy ^ involving rules, 
plahs br guides for the determiriatidri of what shall be taught in specific 
situaubns. They are therefore distirict from curriculuin resources such as 
textbooks that are developed for general and voluntary use: A cur- 
riculum is both a product of reason and a commitment of wijl. It has 
political force as well as rational content: A study of science curricula in 
Cariadiari schools must take this duality into account, particularly if that 
study seeks to recommend changes to those curricula. 

Needs Assessment and Discovery of Aims 

!t IS sometimes suggested that the key tb cUrricUlUm plaririirig is to begin 
with a systematic empirical assessmeht of what students ought to learn:^ 
Indeed, we have ackhbwledged that argUmerits about what oaght to be 
•taught ih science classes and criticisms of what is taught are usually 
based bh assumptidris cdricerriirig the needs of students either n^w or in 
the future. But the future is by no means c[ear: And the problem is that 
bbth childreri arid the society in which they hve have a bewildering 
variety of what cari be called needs, each suggesting a different direction 
for the curriculum. As ten Berk poi'^ts out: 

"We have no standard procedure for resolving disputes over who 
needs how much of what: in fact; the individual needs that can, in 
principle; be met through schooling can also, in principle, be ob- 
viated by altering some feature of our public life. . . . Because we 
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cahhbt assume bur public life is beybrid question, any attempt to 
determine what students need is liable tb be cbriteritibus."^ 
Berk refers tb ah earlier wave bf enthusiasm in the United States for 
"scientific curriculum-making," as it was actually called in the 1920s. 
His cbhclusibh is disarmihgly clear: 

"As a procedure resembling inquiry more than deliberation, needs 
assessment seems tb supply a dodge in the face of disagreement; it 
would permit us tb discbver the aims of schooling instead of our 
having to decide them. Franklin Bobbitt also hoped to discover the 
aims of schooling and was, properly, roasted for it: Then as now 
deliberation about aims seemed risky, unmanageable, and subject 
to contamination by politics: So it is: Discovery of aims (or of the 
needs that produce them) seemed systematic, authoritative, and 
politically antiseptic: This is a delosion:"^ 

While educational needs and the corresponding aims or objectives 
are important for the assessment or determination of science curricula at 
the levels of both rhetoric and practice (see Figure II. i), they cannot be 
discovered from the research literature. They must be deliberated over 
and, in a democratic society, all who have a stake in the outcome have 
the right to participate in such deliberations. 



Figure II.l - Educatioffal Aims^ Teaching Strat^ies, 
and the Needs of Studen t s — - 



tevel of Rhetoric: AIMS (A) 




(Tj TEACHING STRATEGIES 



NEEDS 



Level of Practice: aims 




(tj teaching strategies 



(hj needs 



SfnkehDtders in the Stienre Currkulum 

The proponents of empirical research as the means of determining the 
curriculum assume that there is in reality a social consensus on the goals 
of education and that the problem lies in uncovering that cbhserisus. By 
contrast, in this study we view society as cbritairiing value conflicts over 
educational goals and regard the problem as brie of cbriserisus-buildirig.^ 
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Talk of value conflicts implies the existence of interest groups and con- 
sensus-building among different interest groups in society implies a 
process of political deliberation. Of course, the specifics of the cur- 
riculum arc not often the focus of formal political debate nor do they 
usually form planks in political platforms at election time. However, the 
needs of students in school, the brieritatibri of the schooi curriculum and 
the concrete activities of the classrobm can be regarded as the product of 
reasoned debate among definite aiid distinct interest groups. ^ _ ^ ^ 

Time has riot altered this process, as a reading of AristoUe's 
shows. As he cites what we would call the school curriculum as a para- 
digm of a pblitical problem, he writes: 

"As things are, there is disagreement about the subjects. For man- 
kind are by no means agreed about the things to be taught. . The 
existing practice is perplexing, no one knows on what jpriricij^le we 
should proceed - should the useful in life, or shbuld virtue, or 
should higher knovy^ledge be the aim of bur training, all three 

options have been entertained. - 

The contemporary relevance bf the nature of the controversies is strik- 
ing. Yet, as we have rioted already, such a political view of the cur- 
riculum has riot beeri cbmmbri in the literature: 

Iri a recerit article, Connelly and his colleagues suggested that the 
concept bf "stakeholders" can help in explaining the roles bf the many 
individuals arid groups who hold views about the school cUrricUlUm arid 
desire tb irifluence curriculum decisions correspondirigly.® As they point 
but, everyone has some stake in the school curriculUrii. 

"This claim may be direct and immediate, or it may be teriUbUs or 
bbscure — but it is always there, whether striderit br passively si- 
lerit. The school is the creature of society, shapirig it arid being 
shaped by it, reflecting its characteristics arid responding to its 
needs, and in so doing, it — and the teacher — cannot disregard the 

stakeholders."^ : 

Students, teachers, parerits, school trustees, the scientific comrnunity^ 
industry, the labour mbvemerit and m^ny other groups and institutions 
all hold stakes iri the science curriculum. The critics of scicfrice educatibri 
whose cbriimerits were outlined earlirr are all stakeTiblders arid their 
stakes are as different as their backgrounds and viewpoints. Iri recbgriiz- 
irig a variety bf stakeholders in the science curriculum, we are ribt neces- 
sarily imputing to such individuals or groups any improper mbtivation 
6t iriterit to subvert the schools to their own purpbses. We merely recog- 
riize a reality whose existence mlust be of key iriipbrtarice iri planning a 
study on science education in Cariadiari schbbls. 

A study in which many stakes iri the scierice curriculum are seen as 
legitimate is likely to have a sigriificaritly different outcome than one 
dominated by one or a riarrbw grbup bf stakeholders: For example, in 
the post-Sputnik era, the scierice curriculum (especiaHy in the U^^ 
changed — at least at the level of rhetoric — from an emphasis on the 
domestic arid industrial application ^f science (dominant in the curricula 
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of the 194bs and 195bs) to a more abstract and intellectually sophis- 
ticated emphasis on the nature of science, its structure and processes. It 
was no coincidence that this reprjehtatibn was influenced by scientists 
in the academic community_arid funded (in the US at least) by the Na- 
tional Science Foundation. Current cbricerris over the lack of relevance 
of such curricula to society arid to students' own experience of life are 
demonstrating the eifect of allowing one grbUp of stakeholders to have 
ah overriding- o in determihirig the curriculum. 

The stro. bmmitmeht of individual stakeholders to certain cur- 
riculum emphases often results in their viewing other emphases 
(equally strongly promoted by other stakeholders) as distractions, as 
watering down the cufriculum of as downright misleading^ The resis- 
tance of some members of the scientific commanity to ^y^ioris's^agges- 
tidris that science be placed in a Canadian context is a case in point. 
Decision makers must weigh the conflicting advice and ask who are the 
relevant stakeholders and what are thejr stajkes. If these questions are 
not attended to, the f atare direction of science education in Canada can 
be determined by the loudest shout or the most devious political ma- 
noeavre: However, if the questions can be answered, then the issues can 
be settled deliberatively with regard to the reasons fcjr action. The pro- 
cess should therefore be both political and rational. 

interml and Exterml Stiikehoide^^ 

Not all stakeholders are equal, however^ The "internal stakeholders" are 
poiiticaiiy or professionally accountable for the choices made in science 
education: They are ministers of education and school trustees who 
have political responsibility and accountability and their officials, ad- 
ministrators and teachers, who are accountable by virtue of their em- 
ployment in ministries or school systems. All others are, by defihitibh, 
"external stakeholders" — university professors, persons in business 
and industry, members pLthe public, parents arid of course the Science 
Council of Canada itself. They have stakes iri the curriculum but are hot 
politically or prpfessibhally accbuhtable for it. This cbrhbi nation of hav- 
ihg a stake in educatibh ahd freedom frbm accduritability gives them the 
privilege bf criticizihg the wbrk of education — ahd many do, often and 
vigbrbusly. However, if external stakeholders are to contribute to the 
imprbverneht bf educatibh, they must observe and accept certain ethical 
prihciples* governing their relationship to the internal stakeholders.^^ A 

specific instance of this relationship appears below: 

During the course of the study, comments were made concerning 
the propriety of a federally chartered and funded agency such as the 
Science Council of Canada being involved in a study of science educa- 
tion in elementary and secondary schools, clearly an area of provincial 

* These principles will be discussed in the context bf their applitatibh in the specific 
and different parts of the study. 
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jurisdiction. The Science Council recognizes provmcial authorities asjn- 
tc?rrial and itself as external to the system of science education, but 
argues that its mandate gives it an unquestionable stake in thelenter- 
prise. Moreover, the Council of Ministers of Education, Canada 
(CMEC), in a formal vote at its meeting in September 1980, approved 
cobperatidri with the Science Councn in the study, subject to certain 
cbriditibris concerning the scope and day-to-day conduct of the study. 

Finally, what of the Science Council of Canada's own stake in 
science education? Since it has never declared itself on the subject in its 
past reports, no "position" can be assumed in advance. Indeed, the 
study can be regarded as the means by which the Science Council has 
determined the nature of its stake in the educatibhal system. Its final re- 
port of the present study is the statement from which its stake can be in- 
ferred.* During the course of the study, Cbuncil has been concerned to 
listen to others, to conduct its own research, arid to facilitate delibera- 
tions among a wide variety of stakehblders. 

* _ _ 

Details of the Strategy 

The third aim of the study, "to stimulate active deliberatidri cbricerriirig 
future options for science education in Canada," is the majbr brie be- 
cause both of the other aims are Intended to cbritribute to its achieve- 
ment: The following outlines the means by which this goal has been 

reached: 

The name "deliberative inquiry" is iriterided to convey the idea of 
two processes taking place in ah integrated and mutually informing 
manner throughout the study: inquiry iritb the present (and past) objec- 
tives and methods of science educatibri in schools, and deliberation over 
future directions in the field. Cbrisidefed from another perspective, 
these two processes each embody, though to differing extents^ the ra- 
tional and political characteristics essential to a stu^^^ 
school curriculum, Irideed, it is possible aj various stages of the study to 
understand its activities in terms of their rational and political functions. 

Tb accbmplish the aims of the study, deliberative inquiry must 
giBrierate three ccmponents: __: 

• a continuing commitment to deliberation and pbssible charige 
on the part of all stakeholders in Canadian science education, 
particularly on the part of insiders; 

« a reliable database about the context in which any proposed 
change in science educatibh must take place; 

• a range of issues and alternative courses of action to form the 
substance of deliberation. 

Since these components are interrelated, all three required simultaneous 
attention. However, at any given time, brie component occupied centre 

* See Report 36, Science for Every Smmt: E^uCaHns Cunadians for Tomorrow's World, 
Science Council of Canada, Ottawa, 1984. 



36 



34 



stage. The study's pfdgress comprised three overlapping phases; lasting 
for some three and one half years (see Figure ii:2)^ 

1. Issue ideritificatibh (May 1980 to j^UgUst 1982) 

2. Data collection (January 1981 to December 1982) 

3; Problem resolution (September 1982 to December 1983) 
The following summary of the study's actjvi ties makes clear how each 
phase contributes to each of the three components. 



Figure 11.2 - Schedule of the Study 




Phase 1: Whaf are fhe problernsP 

James Page's discussion paper, A Canadian Contejt for Sriente f^w^^/l^'"/ 
marked the beginning of the first phase, issue identification^ Thisjjaper 
was the first of a series of discussion papers, in which authors, from their 
various perspectives as individual stakeholders, offered their particular 
criticdi but constructive commentary on science education. Each paper 
can be analyzed according to the view of the educated person its author 
portrays and therefore according to what the author perceived to beihe 
learner's needs and the desirable aims For science education (see Ta- 
ble II. 1 for our interpretation of the papers based oh this analysis). From 
their various perspectives, the authors criticized existing practices of 
science education and suggested alternatives. 

Some issues were more amenable to identification_thrbugh work- 
shops than through discussion papers. The Science and Education Com- 
rnittee sponsored three workshops and published their proceedings.^^ 
These papers and workshop, proceedings were disseminated free of 
charge to all who requested them. The study has also ericburaged dis- 
cussion by teachers, pblicymakers arid bther insiders. Supporting the 
publicatibhs were bulletins sent but tb a large mailing list of interested 
individuals arid speakirig erigagemerits undertaken by project staff 
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thrbughbut the country. A number of media interviews, magazine arti- 
cles and reviews in professional journals helped to bring the study's 
themes to the attention of the science edacation profession. 

These forms of communication, especiallyjhe publicadons, froni 
which the others are derived, served three purposes. They stimulated 
the insiders' awareness of criticisms of thejr enterprise and of the heed 
for them to participate in deliberations ovej^ future directions. The task 
of stimulating deliberation was time-consuming and arduous, especially 
in a cbuhtfy with the geographical^ political and linguistic character of 
Canada. However, science educators in all provinces and territories re- 
ceived the communications and were actively ihvblved in all aspects of 



fabie ii.l - Summary of PosHions^xprcssed by Discussibh^ 

_ Position s Expressed 



Author/Title 

James Page, 
A Canaiidh- 
Cgntext for Science 
Education 

Glen Aiken head, 
Science in Sdciai 
Issues ilmpJica Hons 
for Teaching 



Donald Georg;e, 
An Engineer's View 
of Science Education 

Hugh Muhby, 

^hat:is_Scientific 
Thinking? 

Marcel Risi, 

Mf^crpscolei A 

Holistic Approach to 
Science 



Douglas J^bbei-ts, 

Towards Balance in 
Setting Goals for 
ScHool Science 
Programs 



Selected Features 
of the Educated 
Person 

A Canadian 
citizen, aware of 
his/her cultural 
heritage 

A person capable, 
of participating in 

arid 

uhderstahdihg 

social and 

political decisions 

A solver of 
practical problems 

Ah independent 
thinker 



A creative 
cbntributbr tb 
industry and 
society 



A scientificaiiy 
literate individual 



Needs bf Learners 
and Imp! led Airhs 
for Science 
Education 

To uriderstand 
science.as a^art 
of the cultural 
fabric of Canada 

To understand 
science as one 
way of knowing 
among many 



To develop skills 
such as those of 
the engineer 

To understand 

the basis for one's 
knbw ledge 

To develop a 
scepticaU 
divergent, 
questioning and 

imagiriative 

approach towards 

problem 

situations 

To_ reach a^ broad 
spectrum of goals 
through science 
educatibn 



Criti^e bf 
Present Practice 

Lack of a 
Canadian cbhtext 
in science 
education 

Science taught as 
all- and self- 
sufficient 



Qnly_ the skills bf 
the scientist 
taught 

Teachirig 
en.cour.ages 
inteiiectuai 
dependence 

Science taught 
only as a body of 
knowledge 



An inibalance bf 
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the study. This political Function also Had a rational component in that 
debate arid argument were undertaken wherever the ^papers were stud- 
ied, and particularly in faculties of education. Out of these' discussions 
has developed a keener sense of some of the problems of science educa- 
tion in Canadian schools, as viewed by both internal and external stake- 
holders. 

The discussion papers and workshops also contributed substantive 
themes for the d^ta-coliection phase and furnished ideas about new di- 
rections for the finai deliberative phase of the study. 

Phase 2: Whal are ihe fads? 

As rhehtibhed earlier, critics of science education (including the authors 
of discussion papers) have frequently made claims abbUt the existing 
state bf science education, fbr which there is no factual basis. Clearly, 
the study heeded tb establish such a basis, if for no other reason than to 
validate br invalidate these claims. 

But beyond this need, deliberation over future directions also re- 
quired a database about the present aims and practices of science educa- 
tion. And the second phase of the study, the research or data-collection 
phase, developed such a base. Not all types of empirical research on 
science education are necessarily of value in building this database, 
however: This research effort is not theory-oriented since its ultimate 
goal is not that of acquiring knowledge but of irifbrmihg the process of 
deliberation. Action-oriented research is a less well understood br de- 
veloped art (see chapter III for more details). 

One of the cbnstraihts bri research by butsiders such as the Science 
Council in areas bf insiders' respbrisibility is the heed fbr bbth research - 
ers and practitibhers tb wbrk cbbperatively. The Sciehce Council and the 
CMEC agreed upon geheral cbhditibhs at the outset. Both the ministers 
and the CMEC secretariat were represented by observers at rneetings of 
the Sciehce and Educatibh Committee to advise on overall directions o^ 
the study ahd tb act as an ofBcial channel of communication between 
the Committee and the CMEC. Furthermore, we did not conduct re- 
search within any province without first consulting the corresponding 
ministry/department of education: Finally, we sent copies of all reports 
to ministries/departments of education sufficiently in advance of publi- 
cation to allow for comments and criticisms. 

No doubt, some will regard such negotiation and consultation 
negatively, as threats to the independence and validity of the research. 
However, we view the matter differently — insiders such as ministries 
and teachers can contribute to the research and J)y doing sb increase its 
validity and their commitment to its results. The dual nature bf the 
study IS again evident, where even this most ratibhal bf the study's ac- 
tivities has its political aspect. 
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Phaiie 3: Where Ao we go from here? 

In deliberative inquiry, conclusions are not deduced From thec?ryjibr in- 
duced from experience; They are deliberated over using both research 
data and value positions: As Schwab outlines: 

"Deliberation is complex and arduous It must generate alterha- 

tive solutions. : . : it must then weigh the alternatives and their 
costs and consequences against one another, and choose, hot the 
n^ht alternative, for there is no such thing, but the te? bhe."i* 
Deliberations are limited to developing solutions that are the "best" 
(under the circumstances) because those solutions have to be imple- 
mented in real schools by real teachers. Sometimes, programs for educa- 
tional reform are developed on the basis of an ideal, what might be if 
one could buHd a school system from scratch. However, rarely, if ever, is 
one bu iiding from scratch without constraints. Implementing such pro- 
grams sometimes distorts them beyond recdgriitidh. 

The Science Council's study is concerned with science education in 
the schools that we have now and with how these can be improved^not 
replaced. Whether or not a program can be feasibly implemented must 
therefore be a constraint on the deliberative process: Thjs is one of the 
reasons why deliberative conferences were held separately, in each 
province and territory, during the third phase of the study. In each of 
these jurisdictions, invitational conferences included a cross-section of 
siakehplders, both insiders and oatsiders, to debate, in the light of the 
Council's publications arid research; the future needs and opportunities 
for science education. 

While specific agendas for each conference were developed locally, 
ail of them had three general objectives: 

• to review (a) the themes of the Science Council's study as set 
out in published discussion papers and workshop proceedings 
and (b) the research data developed by the study, as these were 
relevant to the province; 

• to identify desirable new directions for science education in the 
province together with structural and other chariges required to 
implement these new directions; 

• to develop suggestions for consideration by the Science Council 
of Canada's Committee o h Sciehceahd Education for the prepa- 
ration of their fihal report. 

Again, in this final phase, the ratidrial arid political character of the pro- 
cess is evident. While the deliberatidris attended to the reasons for 
action, their broad represeritativeness (in terms of the array of stake- 
holdersi enhahced the pdlitical credibility of the outcome. For while 
rationally argued-fdr solutions may be convincing intellectually, they 
must also be pdlitically acceptable if change is to take place. In sum- 
mary, three irigredients are essentiaj for successful deliberations. 

1. People cdmmitted to finding or at least searching for solutibhs 
to problems confronting science education. These must include 
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insider?, those responsible for and proFessibnally engaged, in 
science education, as well as an.array of outsiders, those with a 
stake in but no responsibility For the enterprise. 

2. information about the enterprise at hand, and about its aiifis 
and teaching strategies in particular. This three-volume back- 
ground study contains a major part of this irifbnnatibri; hbw- 
ever,_participants iri deliberatidh each have a personal base of 
equally valuable ihfdrmatibh. 

3. A set of issues arid bptibris fbf future action is the third and key 
irigredierit fbr deliberatibri. Again these are of two types: the 
themes raised by the study through discussion papers and 
wbrkshbps; arid local issues of particular importance and 
cbricerri. 

No deliberative process can be precisely mapped in advance: And 
whiie the Science Council's role in the process is necessarily limited 
both in scope and duration, the deliberations themselves need not Be so 
constrained: When the formal activities of the study are completed, it is 
hoped and intended that the momentum of deliberations in each prov- 
ince will be such that they continue. 
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III. Research for Policy 
DelibefatiQii 



Deliberations concerning the future orientation oF science education 
clearly need to be grounded in a firm base oF knowledge about its pres- 
ent state. However, what is less easily determined in advance is the spe- 
ciFic inFormation required For such a prcjcess arid thus the type oF 
research program which should be mounted in the cbritextbF a delibera- 
tive inquiry such as the present study. To some extent, the answers to 
these questions have been anticipated iri the first two chapters where, 
first, the Focus and, second, the overall strategy oF the study have been 
discussed. Two major Features oF the study From these earlier discus- 
sions (the Focus ori aims oF science educatibri and the purpose oF inForm- 
irig deliberation) are reviewed bfieFly here to set the stage For the 

rationale arid overview bF the research program which Follow: 

Figure 1.2 (see p. 28) represerits science education as the intej-play of 
Four elements — the aims of science education and the corresponding 
teaching strategies, as these two Fuhctibh in both the rhetoric^nd prac- 
tice oF science teaching. These elements are designated For convenience 
A,T,a,t. The "curriculum emphasis" concept has been described as the 
mearis by which aims can be combined with science subject matter in 
curriculum materials arid instruction (A— T)oj- by which curricular 
br interitibris can be inFerred From observations oF curriculum riiaterials 
arid instruction (t — a). The relation betv^een the levels of rhetoric arid 

practice (A a; T — tj is more problematic as research cbricerriirig hbw 

teachers translate curricula into practice or theorize about their bwri ex- 
perience is still relatively new. This study riiay shed some light bn this 
important problem area, although that theoretical gbal is ribt, bf course, 
its primary one. 

The major purpose oF this research prpgrarii, as set but in the 
study's three overall objectives and discussed iri the previbus chapter, is 
inForming the deliberative process about the cbritext of any changes be- 
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ihg, contemplated. For this reason, it is important that information be 
collected, hot just about the four elements described earlier which are o^ 
central interest to the study, but also about the broadei^ contexts i^n 
which these elements are set. Five such contexts can be identified as be- 
ing particularly important in this regard: 

1. policy context (curriculum guidelines, textbook authorizations, 
teacher certification, etc;); 

2. professional context (backgrounds, qualifications and experi- 
ence of teachers^ _____ 

3. instractional context (textbooks and other instructional re- 
sources; also students, their abilities and interests, etc.); 

4: institutional context (physical facilities, scheduling, class size, 
etc:); ^ 

5: social context (attitudes of peers, school principals, parents, 
school trustees, industry, universities, etc.). 
These contextual factors are identified here to indicate the range of mat- 
ters about which ihfbrrhatibh is required for deliberations where 
changes in aims or teaching strategies are beihjg cbhterriplated. 

The goal of this research — ihfonnihg the deliberative process — is 
sufficiently distinct from that of most science edUcatibh research that 
some reflection oh the range of research strategies available and on their 
relative appropriateness is warranted in order to justify our particular 
choice of a research program. 

Expianaton^ Research and Practical Research 

Research for deliberatiohjs not necessarily equivalent to science educa- 
tion research in general. Certain forms or techniques of research may be 
more appropriate than others. Although all research is directed towards 
the geheratibh of knowledge, it is necessary to determine which forms 
pf knowledge (and therefore, which tools for knowiedge generation) cari 
best serve the function of ihfbrmirig deliberation. The following piece of 
conceptual analysis that contrasts two distinct functions of research 
shows how we resolved this issUe. 

Most research activity in science education - as in other disci- 
plines - is designed to explain phenomena and events. Stephen 
TbUlmih speaks of the ''explanatory ambitions" of scientists^ arid a 
glance at any recent program of the National Associatiph for Research in 
Science Teaching or its joamal, the fournal of Research in Science Teaching, 
shows this clearly. This aim, however, is not the only valid brie.* 

When teachers and policymakers make decisions in their class- 
rooms or jurisdictions, they usually draw upon a very different forrri bf 

• We hasten to add that,^ in the case of research in education, expianajpiy knoyy ledge 
is often intended to assist arid improve educational practice. That this intention is 
frequently unrealized has itself been an issue of gfdwirtg cbricerri-iri recgit yearsj it 
has been the object pf reflecii<Mi_and e^ in the literature.^ A systematic ac- 

count of this matter is beyond the scope of the present work. 




knowledge than this Fdrrhal explahatdry type. They use what Freema 
Elbaz calls ''practical knowledge''^ or what Geoffrey Vickers describes 
as ah "appreciatidh of the situation."* While Elbaz refers particalarly to 
the persdhal, intuitive knowledge of a situation possessed by an in- 
dividual teacher, we shall adapt the concept of "practical i^nowledge" to 
refer to the totality of information about a situation tjiat one assejnbles 
prior to making a decision. And practical researches, then, the process of 
gathering information for use in such decision making: 

These two types of research are crucially different in another way. 
The results of expianatory research niust be generalizable. Other re- 
searchers must be able to replicate the research and show that the results 
do not depend on the tjnie or place but are true generaUy^ By contrast, 
the results of practical research must be directly relevant to the unique 
situation at hand: For the teacher or policymaker, the same data may 
have vastly different significance. Data concerning an atypical school 
principal may be dismissed as "error" by one but be of key impdrtahce 
and interest to the other. _ _ - 

In the present study, it was clearly practical research that was 
needed to inform the deliberative process. It is ihcdhsequehtLal that this 
research cannot be applied to other countries or other times. The kndwl- 
edge had to be relevant to each province and territdry in which delibera- 
tive conferences took place during 1983. And since the Science Council 
oF Canada's final report is hatidhal in scdpe, the knowledge had to be 
relevant to the cduhtry as a whdle. 

Research Program Overview 

Four principal projects and a number of additional ones have been un- 
dertaken in the context of the study. The relationship of the Following 
major projects to the scope and purpose oF the research as a whole is ex- 
plained below (for a detailed account oF the methdddldgy and results df 
each project, see the appropriate section or vdlumej, 

1: Analy sis of Science Curriculum Policies ^ volume I, part twd) 

2: Analysis of Science Textbooks (volume I, part threej 

3: Survey of Science Teachers (volume II) 

4k: Case Studies of Science Teaching (volume IIIJ 

Analyst of Science Curricuium Policies 

In every province and territory of Canada, th^ aims^content and (some- 
times) teaching strategies for school science^ programs are the subj^ectbf 
policies established by the corresponding ministry/department of edu- 
cation. Curriculum guides or guidelines contain statements of these 
policies and they represent an important though limited part of the 
database for describing science education in Canadian schddls._ Such 
policy statements contain aims For science education at the level df rhet- 
oric (A, see Figure 1.2). The major purpose df this research prdject was td 
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analyze these documents to determine what types of aims are required 
for science programs. 

Science programs do not exist in a policy vacuum: They a re^et in 
the context of the complete school curriculum, it was therefore impor- 
tant to gather as much information as possible about the policy context 
in each jurisdiction to understand each^ particular science curriculum 
policy and to ^ompare the policies of different provinces For science 
teaching. This project thus comprised two subprojects which together 
provided information about the policy context oF science education in 
Canadian schools. One examines the place oF science as a subject in the 
curriculum and the other, the aims oF specific science programs. 

Analysis of Science Textbooks 

One of the aspects of teaching stfategy (T, Figure 1.2), often^ the subject 
of policy regulation, is the selection of textbaoks for use by students: 
This reguiation reflects an assumption on the part of the authorities that 
one of the principal ways in which the aims of a science program are im- 
plemented in practice is through the use of a textbook. Research from 
many countries tends to support this assumption and data are presented 
later that indicate the Canadian situation is, generally speaking, no dif- 
ferent in this regard: 

This being the case, it was important to determine the explicit aims 
(A) of the textbooks in frequent use^ together with their actual cur- 
riculum emphases (t): From this information the implicit aimsja) oF the 
books were inferred. A comparison was then made among three ver- 
sions of aims for science education: A (guidelines)^ A (textbooks, ex- 
plicit), and a (textbooks, inFerred From t). From such a cbmparisbh, an 
assessment was made oF the extent to which the aims stated for teachings 
science are being realized in practice. 

In addition to using the general categories of aiitis from the policy 
analysis project, aims based oh the criticisms of science educatibh voiced 
in the discussion paper series were also used as categories for analysis. 
Interpretive ihfonhitibh gathered through interviews, survey data and 
other research sources supplemented the reports of the policy and text- 
bbbk analyses. These additibhal sources are made clear in each instance; 

Survey of Science Teachers _ _ 

For an adequate appreciation oF science education in Canada, the study 
needed to go beyond the documentary analysis of ix>licies of ministries/ 
departments oF educatibh and oF the textbbbks used in schools. It had to 
gather the opinions oF those rhbst intimately involved in the profes- 
sional pracHce of science education, namely, the teachers of science. A 
survey was conducted to deterato 

• science, teachers' beliefs cbncerhihg the importance of various 
aims of science education; 
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• science teachers' perceptions of the effectiveness of their teach- 
ing in enabling students to achieve the various aims of science 
education; 

• obstacles to the achievement of the various aims of science 
education. 

In short, we asked science teachers about their aims for teaching 
science (A) (and thus implicitly about the official aims). We also a^ked 
about their approaches to teaching (T) arid thus about the achievement 
of their aims. And we asked for irifbrmatibri about several of the con' 
texts in which these aims arid teachirig strategies function, especiaiiy 
about the professional, iristructibrial, institutional and social contexts. 



Cast' S/M<iii's of_Snewfe 7>flf/iiji^ 

It is always difficult for research tb gb beybrid the level of rhejoricjn de- 
scribing the state of a practical art because most of the information 
comes from writteri or oral accbunts by pfactitioners that are necessarily 
reflections bri their practice. However, case studies in^^ucation con' 
ducted by trairied bbservers have, in recent years; been increasingly 
used to perietrate the level of rhetoric and approach more closely the 
level of practice. Iri the science education enterprise, studies directed by 
Bob Stake arid Jack Easley for the National Science Foundation in 1977 
clearly established the legitimacy and potential value of this type of re- 
search.s Volume III of this background study presents a series of case 
studies that provide information about the actual teachirig strategies (t) 
used in classrooms; about the corresf?onding aims (aj arid abbut the 
ways in which teachers perceive their instructional, iristitutibrial arid sb- 
ciai contexts: 

In their proposal for coordinating this research pfbject, Jbhri Olson 
and Tom Russell are quite clear about the value bf such a research 
strategy: 

"One of the advantages of the case-study riiethbd is that the setting 
in which events occur can be portrayed iri detail. This detail is es- 
sential for helping those who work butside the classroom to ap- 
preciate and to assess iriterpretatibris bf events that occur there^ 
And such appreciation is riecessary fbr informed deliberation about 
any complex matters bf sbcial pblicy."^ 
Case study research always draws upbri ariy available sources of data to 
gain a richer and deeper uriderstaridirig bf the phenomena under investi- 
gation, and this is also true fbr the eritire research program^ During the 
course of the study, riiariy irifbrmal or semiformal interchanges have 
taken place ambrig Scierice Council staff and science educators at all lev- 
els. From these ericburiters, much has been learned to help us interpret 
arid uriderstarid the data generated by the_primary research projects. 
Wherever pbssible, our use of such information in these volumes is 
iridicated. 
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In addition to the fbiir majdr projects, there are two research^ 
projects whose state of progress at the time of writing prevents their in- 
clusion in the present background study. It is intended that two addi- 
tional studies, one reviewing historical aspects of science education in 
Canada, and the other docuntenting statistical trends in enrolment in 
science courses will ultimately be published; Both of these have obvious 
though quite distinct contributions to make to deliberations on the fu- 
ture direction of science education: 

One of the most intriguing possibilities for a major research pro- 
gram is the preparation of integrated accounts of the results. It might be 
possible, for example, in the present study, to use the various themes of 
the study, such as the "Canadian context" theme or the "science educa- 
tion of women" theme, as foci for integrating results From each of the 
four components of the research program^ While the present publica- 
tion does not attempt such integrated analyses on a thematic basis, the 
Council's final report on science education does, since policymakers arid 
teachers attend to such themes in their entirety and hot in the uhihte- 
grated manner in which multiple research projects must perforce treat 
them. 
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Part Two 

Analysis of Science 
Gurriculum Policies 
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IV. Science in the School 
Curriculum 



Teaching is a sufficiently cdmplex and important activity that the need 
to prepare and plan carefully for it is generally acknowledged. Of 
course, the "curriculum" actually experienced by students in a class- 
room is not always exactly the brie that was pianned. Nevertheless, the 
expectation is that, by making certairi strategic decisions in advance, 
classroom everits will have an overall shape and purpose they might 
otherwise lack. The firial curriculum planner is clearly the individual 
teacher who mUst plan for each lesson in the light the specific circum- 
starices at hand. But the substance of a teacher's Us son plari is j-arely 
created ie novo for each occasion by the teacher woricing independently 
from scratch: The decision by teacher X to teach subject-matter topic A 
using strategy B on a particular day is si^^ply the last in a chain or net- 
work of decisions made on previous occasions. 

Some of these earlier decisions may have been the teacher's own, 
made, for example, in the course of planning work for the year or iveek. 
But others are likely to have bien made elsewhere and intended to cover 
many similar situations. And vs^hatever the level at which those deci- 
sions are made — ministry of education, school district or school — they 
combine to form a context that limits the scope of the individual 
teacher's specific planning, AH of these limit-setting decisions can be re- 
garded as curriculum policies. However, the policies that have particular 
impact on the substance of teachirig are those issUed by ministries of 
education^ as curriculum guideliries cdveririg each subject or course at 
each level of schdblirig. 

More specifically, two types of miriistry policies exist both of 
which affect the teaching arid learririg of science. Orie is coricerried with 
general matters — which subjects mUst be offered in schools, the 
ariidurit of time to be sperit bri each subject, the requirements^ for a stu- 
derit's graduation from high school, and so on: This type of policy sets 
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the policy context within which individual science programs are de- 
veloped and is the Focus oF this chapter. The secbr\d deals with specific 
matters — the aims, content arid teaching strategies for science pro- 
grams in schools — arid is the focus of analysis arid discussidri iri 
chapter V. 

^ Policy arialyses are iri^pbrtarit to this study for two mairi reasons; 
The riiajpr focus of the study is the aims arid objectives of science educa- 
tibri iri Cariada, arid miriistry policies set out the official aims and objec- 
tives fbr scierice programs in schools. All instructional decisions 
iricludirig the selectidri of textbooks and classroom activities can^ in 
pririciple, be assessed by reference to these policii*s. * Secondly, the anal- 
ysis of official policies for science education can help to assess the valid- 
ity of the criticisms of science education: This analysis can help shape 
deliberation concerning future aims for science education. 

Ndethbdblbgy 

The subject matter bf twb bther reports is clbsejy related to that of the 
present brie. Both have beeri prepared for the CMEC and both are used 
extensively iri this study. ^ The first. Secondary Educatwn in Camdni A S/h- 
dent Transfer Guide, now iri its third (1981) edition, was designed, as its 
riariie suggests, to assist secdridary schools in placing students newly ar- 
rived frbrii aridther province. It provides a useful overview of general 
curriculum pdlicies of each province and brief descriptions of secondary 
schddl courses in each subject. Smnre: A Survey of Provincial Curricula at the 
Etetnentary and Secondary teDeis, is One of a series of reports designed to as- 
sess the level of uniformity within Canadian curricfula. As it examines 
the science curriculum guidelines of all provinces, it is closely related to 
the focus of the present study and has been useful as a crbss-refexerice 
document; _ _ 

The GMEG reports have their limitati_pns. Neither bf the reports iri- 
eludes the territories. Since the Science Couricil's study iricludes bdth 
provinces and territories^ certain additional inquiries wcfre fiequifed."* 
Also, because Science: A Survey of Provincial Curricula at the Elemehtary arid 
SecondaTy Levels has a purpbse arid eriiphasis different frdm durs, we had 
to review curriculurri guideliries iri a differerit way. 

Giveri this backgrourid, prdject staff fdlldwed a four-step procedure 
to erisure the accuracy bf the irifdririatidri iri this study. First, ministries 
iri all provirices arid territdries were requested to send to the Science 



• this aiuiysis of the official aims for science educalibn was also used in the analysis 
of science textbooks (part three of this volume) and in the survey of science teachers 

(volume II): - _ . . _ . . . . 

It shduld be pbihted out here that the Northwest Territoties follows ^the general 
curriculum policies oF Alberta; thty have also developed, withjn that policy context, 
science programs at all levels to meeHhe particjil^^ S'"^'l^/'y_' 
the Yukon Territory follows the curriculum policies of British Columbia but has its 
own science program at the elementary level: 
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Council copies of all policy documents relating to science carricula;^ 
These were collected during the period February to October 1980. The 
second step involved summarizing the cbntehts of each arid analyzing 
them usjng a common set of categories (November 1980 to February 
1981).'* Third, we prepared a draft interim report arid circulated it to 
provincial officials for comment arid cbrrectibri of errofs (fall 1981). This 
process led to a final review arid Updatirig of the information for the 
present study (August 1982). 

This study, like all studies of this type, reflects the policies jn force 
at the time at which the documents were collected; Curriculum policies^ 
like other policies, change from time to time and it both impossibje 
arid Uridesifable to freeze such change for the duration study. The 
CMEC study, though published in 1981, was based on documents col- 
lected in June 1979: And our study, published in 1984, is based on docu- 
ments collected to May 1982: Over one-quarter of the approximately 
120 documents that we examined were published during the interven- 
ing three years jl979 to^l982): _ 

More specific information about the methodology oLeach analysis 
of the documents is provided with the summary results. The remaining 
sections of this chapter contain irifbrmatibri about the range of science 
courses offered in each province, the requirements for student gradua- 
tion (with respect to science), the amount bf time specified by proviricial 
policy to be spent bri science cburses, arid the prbcesses by which scierice 
curriculum policies are developed iri each prdvirice. 

Science ^owrse Offerings 

Table IV:1 contains a summary of the science cburses available ih cach 
province and territory for each of the three levels of schooling.^ In all 
provinces, a basic core of science is offered throughbut schbbl, begiri- 
ning with an integrated program in the early years, cbritiriuiri^ with a 
gradual move tb wards separate scierice cburses duririg the middle years, 
and concluding with separate cburses iri physics, cheriiistfy arid biology 
in the senior years. Iri addi tibri, each prdvirice or teiti tdry offers a variety 
bf alternative cburses at the seriibr level. Orie canndt tell without coc*'se 
erirblmerit statistics which courses are takeri by ntost students. For ex- 
ariiple, in the Northwest Tefritdries, it has been pointed oat^ that many 
more studerits take a general scierice course in grade 10^-^one speciaUy 
desigried fdr studerits in the North — than physics, chemistry and bi- 
ology courses. ' 

The mere existence of a science course communicates little about 
substance of that course. While each ministry requires that science 
tn jught 3t various levels, local school districU, schoors_and teachers 
are expected to interpret and implement such a mandate. Thus, the de- 
gree to which science is actually offered depends on mariy factbrsr Hbw- 
ever, mfnistry policies indicate mbre than simply which cburses are tb be 
offered. Policies also set down gradua tibri requireriierits for studerits. 
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t Table IV.l- Sdehce Course Ofterings 



Provinn/ikrilpry 



id IeI NS NB Qiie Orit -Man Sask Jlta BC NWT YT 



^ X X X X X X X X X X X X 

X X X X X X X X X X X x« 

» V V X X X X X X X X' » 

* J X X X X X X X- Xi 

Physics ' w V. y S 

Wtoce . , X X . X' ^ X. ^ i ^ ^ 

XX X X x« 

XI X X X .X 

X X .. 



Environmental Science 



Oceano|raphy f) X X 



X f) P) f) 



-Agncoitare ^ ^ 

i iMheca^^ not as a separate subject but in an integrated manner along with other parts of the curiicalain. 

b In Alberta and Saskatchewan, life science is taught at grade 1. earth science at grade 8 and physical science at grade 9. Elsewhere, each years 
program contains topics frbiii several branches of science. . .. . _. 

cOnlycoursesconsideredbyministriesofeducation.a^^^ 

contain a science component, such as Health Education, Technological Studies, and 'People and Their Technology. See also note i. 
^ The Yukoit follom Hh CpHIa curricu^^ 
' The Northwest Territories follows Alberta curricula for these courses, 
f Course is offered at vocational/practical level only. _ . . 
i Courses are designed fqr_s_tudents of lower ability. Not all such coupes are listed. 

I" To be implemented iii 1983-84; - . .._ n vu r«i..mki. 

i Agriculture is offered but not as part of a science program. In Saskatchewan, it is part of a Saskatchewan Studies program; British Columbia 

fograms. zz^^^ 
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Science Reqairements for graduation . . 

in the early years of school in all provinces and territories, students do 
not choose what to study. Science is mandatory. Table IV.2 shows that 
this is also the case for most jurisdictions in the rhiddle years. However, 
at the senior years, where extensive course selection is permitted, differ- 
ent provinces require students to take different numbers of science 
courses to graduate. In practice, this means that ih seven of the 12 juris- 
dictions, one science course beyond the end of grade 9 is required for 
graduation. In Manitoba two science courses are required, while Prince 
Edward Island and Nova Scotia do hot require any science courses 
beyond the grade 9 level for graduatibh. Quebec/ new minimum re- 
quirements (currently being implemented) include mandatory science 
courses in grades 7 and 9 folio wed by one more course at the senior 
level. In Ontario, beginning in 1985, one science course beyond grade 9 
will be required. 



Table IV:2 - Science J 
Province/Territory 
Newfoundland 



iuation 



Middle Years 



Senior Years 



Grades 7, 8, & 9 required 



Prince Edward Island 
Nova Scotia 
New Brunswick 
Quebec 
Ontario 
Manitoba 
Saskatchewan 
Alberta 

British Columbia 

Northwest Territories 

Yukon Territory 

* In the process of^ implementation, 1982-86. 
Under review^ 1982=^^ 



Grades 
Grades 
Grades 
Grades 
Grades 
Grades 
Grades 
Grades 



7, 8, & 9 required 
7, 8, & 9 required 
7, 8, & 9 required 
7 & 9 required* 
7. 8, & 9 or lO** 
7, 8, & 9 requi 
7, 8, & 9 required 
7, 8, & 9 required 



[red 



1 course (2 
credits) 

None required 

None required 

1 course required 

1 course required* 
None required 

2 courses required 
1 course required 



Grades 8, 9, & 10 required 
Grades 7. 8, & 9 required 
Grades 8, 9 & IQjeqaired 



1 course (3 
credits) 

None required 

1 course required 

None required 



Listed here are the minimam requirements for graduatibh, as stated 
by ministry policy: individual school districts or schools often have local 
norms or expectations that raise the rnihimum requirements. In addi- 
tion; because most ministries define their comi5lete requirements for 
graduation in terms of numbers of credits, courses or electives, it may, in. 
practice, be very diHicult For a student to meet these reqiiiremeiits with- 
out taking a science course beyond those that are formally cdmpulsdry.* 

• For a more complete underSanding pi the d 

beyond the minimurn reqairements, the reader should consult the course enrolment 
statistics (fdrthcbmihg). 
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Time Spent bii Science 

In itibst jurisdictions, ministries of education specify the amount (or 
propbrtidn) of iristructibhal time to be spent on each subject or course: 
Table IV. 3 summarizes policies of this type. Again, local factors may af- 
fect the actual allotment of time, particularly at the ^arly-years ievei: To 
draw conclusions frorti the data at this stage would be premature and 
inappropriate. The focus of the study is on the aims o^the science pro- 
grams and the table is included to provide a background or context for 
the analysis of curriculum guidelines (see chapter V). 



Table IV.3 - Time Spent on Science 

Minimum Time Required by Provincial Policy 
(Hours per Year)* 



I'rovince/Territory 


Early Years 


Middle Years 


Senioi 


■ Years*' 


Newfbuhdiahd 


35 - 100 


100 


110 


- 120 


Prince Edward Island 


No stated 


No stated 


140 


~- 150 




policy 


policy 






Nova Scotia 


100 


100 


120 


New Brunswick 


6b 


80 


140 


- 150 


Quebec 


40 - 60« 


100 


135 


- 150 


Ontario 


No stated 


70 - 110<* 


110 


- 120 




policy 








Manitoba • 


50 - 100 


100 - 110 


110 


- 120 


Saskatchewan 


100 


105 


ibd 


- 12b 


Alberta 


50 - 66 


100 


75 


- 125 


British Columbia 


47 - 66 


lob 


loo 


- 120 


Northwest Territorieij 


50 - 66 


100 


75 


- 125 


Yukon Territory 


47 66 


100 


100 


- 120 



Where necessary, calculated from policy statements on the basis of 180 to 200 

ihstructibhal days per school year. 
^ Times shown here are hours per course. A student may choose to take several 

such courses. _ 
^ First cycle (grades 1-3) = 40 hours; second cycle (grades 4-6) = 60 hoors. 
^ Grades 7 and 8 = 70 hours; grades 9 and lb = lib hours. 



The Development of Science Carricuitiin Policies 
It iis natural enough that when people are not content with present poli- 
cies they not only try to change them directly, they often question the 
process by which they were generated. Sometimes this questioning may 
arise from the conviction that a process yielding results of which they 
disapprove must be flawed in some respect. Alterhatively, it may simply 
be that the process by which policies are developed is not well urider- 
stood and that the means of influencing the process iii preferred difec- 
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tibhs is therefore unclear. Curriculum policy development, including 
textbook selection, is a case in point. In recent times, there have been 
calls for reviews of these processes by individuals and groups with 
openly declared interests in seeing speciBc policy decisions made (such 
as creationist groups and textbook aathors whose books have not been 
approved iFof use in schools): We have, therefore, felt some obligation in 
this study to describe the processes used at the provijrciaHevel to deter- 
mine science carricalam policies and to select textbooks: 

A word of caution before jirbceedihg. The idea of two levels of real- 
ity — a level of rhetoric arid a level of practice ~ is even more applicable 
to ah understanding of policymaking than teaching. How people actu- 
ally itiake policy arid how they say they make policy are often qaite dif- 
ferent. And this is not necessarily because the individuals are dishonest 
but because poiicyinaking processes are notoriously di£fict4t to describe 
in the sort of detail that enables one to understand how and why par- 
ticular policies emerge:^ Case studies would probably provide the dear- 
est insight into these processes but to date no such studies of provincial 
curriculum policy development have been published. The data collected 
in this study consist of general information about curriculiun guideline 
revision gathered through informal interviews with ministry officials in 
each province, together with inferences drawn from the policy docu- 
ments themselves. 

Curriculum guides at all levels have been undergoing revision during 
the past few years in most provinces. These new documents often repre- 
sent radical revisions of fbrrner policy dbcuihents that had remained 
substantially |pichanged for 10 to 15 years. This latest round of changes 
is seen in some provinces to be the beginning of a hew system of cyclical 
revisibh, in which dbcumehts are scheduled to be used, reviewed, re- 
vised, tested and reissued bh a regular three, fbiir or five-year basils. Brit- 
ish Cblumbia, Alberta, Manitoba and Nova Scotia have all reported 
usihg this approach. Ih most other provinces, revisions are irregular re- 
spbhses to perceived heeds and the resulting policies remain in force un- 
til circumstafices demand and resources enable fresh^reviw^ 

Rarely do ministry officials act alone in revising guideline docu- 
ments. Usually an ud ^dc committee involving teachers is struck to de- 
velop a draft document. Saskatchewan and British Cblumbia, fbr 
example, report using school board trustees or officials bn these cbmmit- 
tees; while several provinces invblve university scientists and science 
education faculties. Manitoba has a standing science working 

party," consistir\g mbstly bf teachers, that maintains ah bvervievv bf all 
sciertce curriculum pblicy develbpment, appoints ad hoc committees and 
recbmmends guideline dbcurnehts tb the ministry hierarchy. Ih Alberta, 
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a "curriculum policies board," reporting to the Mimster and including 
individuals from several different areas of provincial life, supervises 
policy development in all subject areas^it probably has the most com- 
prehensive mandate of any such^provincial comrnittee; in the country, 
facilitating policy coordination among di^erent areas of the curriculum. 
In other provinces, such coordination is provided by irihbuse resources, 
Usually at the assistant deputy minister or branch director level. 

The degree to which parents, industrialists, the business com- 
munity or other outside stakeholders can become directly inyolyed in 
science curriculum policy deliberation is, in general, very small. There is 
ample opportunity for teachers and other insiders to make input, since 
the processes are open. Such processes have, the advantage of being 
fairly simple to manage but the disadvantage of being conservative since 
few outsiders or even radical insiders become involved. 

Policy development involves a complex blending of values withjh- 
formation about the context in which the policies are to function. The 
Use of committees ensures debate over value positions, but their re- 
stricted membership m^eans thaj the range of value positions is rarely 
very broad. Information about the context — in this case, abbUt the pfd- 
viricial science education system — can be introduced in two ways. 
Either the participants pool their collective experience or they Use sys- 
tentatic data collection. The Former can be adequate where the province 
is small (e.g.. Prince Edw^ard Island) or where the fjarticipants are care- 
fully selected to reflect the province s diversity Xi e., jinguistic groups, 
economic regions, urban/rural distribUtibri, etc.). The latter process, 
carefully controlled, can_prpvide mbre Useful information. The cjearesj 
example of its use is in British CblUmbia, where students'^ learning and 
teachers' opinions are assessed bn a regular basis and the results fed into 
the curriculum policy process. Some other provinces report the use of 
some systematic data. Hbwever, the majority depend upon the personal 
resources of their committee members: 

In nearly every province, the develbpment of a draft policy docu- 
ment is followed by a limited peribd bf/'validation" during which it is 
sent out to a large number bf interested individuals for commenMe-8 ' 
Ontario) or for "trial Use" (e.g., Nianitoba). Following this evaluation 
process, revisions are made (where necessary) before Hnal approval by 
the minister. 



Textbook Seledion 

One of the key decisions to be made vs^ithin the context bf determining a 
new science curriculum policy is cphcerhed with the selection of t^xj-- 
books for student use. Textbooks (see part three) are a key component 
of any curriculum and the process of their selectibn is of obvlDus educa- 
tional significance. But as textbooks are prbfessional as well as commer- 
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dally profitable products, their selection is a matter of professibhal and 
commercial interest to authors and publishers. _ _ 

Every province uses some Form of listing of textbooks foi* student 
use: in some cases, lists prescribe mandatory texts. In others, the listing 
indicates that schools are able to obtain a price break oh a particular 
book if it is purchased through the ministry. Some provinces list only 
one or two books for a particular course or level; others (e.g., Quebec 
and Ontario) list many books from which schools or teachers may 
choose (see chapter V and part three for more detail). 

Although most provincial officials will state that textbooks should 
be used as "resources to support a particular course and not as the course 
of study itself," the curriculum guidelines themselves vary considerably 
in their apjjlicatibh of this principle. At brie erid of the scale^ the guide- 
line identifies rib textbook; the cdriterit topic headings and aims o^ 
scierice educatibri have beeri developed with no particular textbook^in 
mirid. Subsequeritly (arid in the cases of Ontario and^Quebec in a sepa- 
rate pblicy document) textbook resources are ^st^d f oi^the course. Here, 
the pfbcess is one of defining aims and topics first and selecting text- 
bbbks second. At the other end of the scale, curriculum guidelines iden- 
tify one of more textbooks at the outset and the topics and aims in the 
guidelines correspond directly to those textbooks. Here one must as- 
sume that textbook selection was the controlling decision arid that eriu- 
meration of aims and topics has Followed. These examples are, bf course, 
the extremes: In many instances, textbook selectibri arid decisibris about 
the aims oF science education are made together. 

We wish to stress that_we are not in ariy way advbcatirig brie pro- 
cess rather than another. Often, extra-educatibrial factbrs dictate the 
choice of process. For example, wheri a new guidelirie is issued in On- 
tario, commercial publishers contract authbfs to write textbooks to cor- 
respond lb the riew gqidelirie. These are then submitted for provincial 
approval arid listirig. The prbvirice is large enough for theoperation of a 
relatively free riiarket, which is fufthef stimalated by a ministry policy 
bf riot listirig books authbred bf published outside Canada unless suit- 
able Cariadiari books are unavailable: In many smaller provinces, how- 
ever, because the potential market is too small for normal commercial 
prbductibri arid competition^ the significance oF the ministry's cur- 
riculum decisions is severely restricted. In some situations (e.g., in New- 
foundland, early years), only one book is listed and a commercial 
publisher is given a monopoly in exchange for preparing a special edi- 
tion for the province. In Quebec, through the ihteryehtibh bf its "Direc- 
tion du materiel didactique," the Quebec ministry cbriiriiissioris 
textbooks From publishers to fit its new curriculurii guidelines. Else- 
where, textbooks are selected from various sources by a cbriiriiittee bf by 
ministry officials.* 

* Several recent studies of educaticsinai textbook publishing in Canada give further 
infonnatibn on this cbihplex tbpic.^ 



V. The Offieial Aims and 
Strategies of Seienee 
Education 



While the policy context in which science curricula are developed is of 
obvious importance to practitioners, the chicff Focus of the present study 
is the substance of these science curriculum policies. What are the aims 
and objectives for which science is being taught and how are teachers 
expected to achieve these aims? At least, what are the dficiat aims and 
strategies that ministries of education intend to be implemented? 

Science curriculum guidelines from each province contain ministry 
policy in regard to three key components of the science corricolam: 



• Content of Whal lo teach in science? of Which science top- 
science ics are teachers expected to cover in their 
teaching: courses? 

• Aims of science Why feach science? or What 3re mandated as 
teaching: the purposes or objectives of science 

courses? 

• StrategH s of Hoxo to imch scienvf? or Which methods, text- 
science books, or instructional techniques are ap- 
teaching: proved (or prescribed) for teaching science 

courses? 



Curriculum guidelines may also contain other ihfbrmatibh, such as time 
;to be spent on individual parts of a course or guidelines for student 
evaluation. Sbmetimes these additional topics have the force of policy, 
sometimes they are simply advisory. In any case, all science guidelines 
contain the three cbmpbhehts noted abbve arid bUr first task in analyz- 
ing prbviricial science guideliries was to separate these logically distinct 
parts. (Appendix A lists the guidelines analyzed in this study:) 
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Content of Science Teaching 

We decided not to examine the area of "content" any further for two 
principal reasons. First and most important, the issue of which science 
topics are taught at each level of school is riot ceritral to the objectives of 
the study. The study's objectives are cdricerried with aims and Purposes 
and with strategies for reachirig these aims father than with the science 
topics which form the substarice of school pfograms. 

The second reason for setting the "cbriterit" category aside was that 
the CMEC study^ Science: A Survey of Provmcial Curricuia at the Eiefneniury 
and Secondary Levels} contains detailed cbriterit summaries for each of the 
three levels. On the basis of their examiriatibri bf this component of the 
curriculum guideliries, that study's authors, Haggerty and Hobbs, con- 
clude that, while "substaritial similarity" in course content exists in the 
early years, there is "everi greater commonality" at the imiddle years, 
"the trerid cbritiriuirig to greater commonality" in the senioi^ years.^i 
They alsbpbirit but that the existence of "iocajj>ptions" in many cases 
mearis that brie cannot infer from the general conclusion (of commonal- 
ity bf topics in guideiinesj that common topics are actually being taught 
in schools across Canada: J^e present study can endorse this qualifica- 
tion on the basis of our general experience (and on the basis of the case 
studies in volume III): 



Aims bf Science Teaching 

As we examined the mariy stateriierits bf aims fbr science edacation in 
the guideliries bf the various miriistries bf education, two features 
became immediately bbvibus. First, as a group they are diverse^They 
represerit as brbad a rarige bf objectives as one is Hkely to en^oajiter in 
the practice or literature bf science edacation, at least m North America. 
Secbrid, mariy statements, while superficially different in Form, appear 
tb represerit similar ideas. The diversity of statements called For a sys- 
tem bf classification that would permit sorting prior to identifying gen- 
eral conclusions. 

Eight categbries were used for this classification — a large^enough 
riur bcr fbr reasbriably precise definition, but not so large asjo make the 
task impossibly difficult. While the eight categories were derived induc- 
tively ffbm an exainination of the guidelines themselves, there is a 
strong correspondence between them and the sets oF categories used by 
other researchers in the field:^ Table V.l lists the eight categories, Jb- 
gether with an example iliastrating an objective from each category. Be- 
cause these categories of aims occupy a central place in several 
components of the research program, some further comments bri each 
appear below. 
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SripMrp €vntent 

Some of the aims for science education most frequently encountered at 
the level of practice, if not at the level of rhetoric, are that students 
should know, understand and, in various ways, be able to manipulate 
the substance of scientific knowledge.* Such aims stress the value of a 
command of the products of scientific endeavour rather than the pro- 
cesses of its development and application . This is frequently held to be 
important by teachers at higher levels of schools arid by colleges for 
teachers at lower levels. The irripbrtarice of scieritific knowledge both 
for its own sake and for (later) study of use is stressed here:^ 



Table V.l - Calcgbries of Aims 
Category 

I Science Con lent 

2. Scientific Skills/Processes 
3: Science jnd Society 

4: Nature of Science 

5. Personal Growth 

6; Science-Related Attitudes 

7: Applied Science/Technology 
8. Career Oppbrluriiliies 



for Science Education __ 

Illustrative Example 

'To increase the student's knowledge of basic 
concepts in life, earth, and physical sciences" 
{Manitoba) 

"To develop facility in using the. rnethods and 
tools of science" (New Branswick) 

science has in the development of societies 
and the impact of society upon science" 
(Alberta) 

"To develop _s^tudent appreciation of science as 
i way of learning and communicating^ 4^0"* 
the self, the environment and the universe" 
(Saskatchewan) 

"To develop as an aulpnpmpus and creative 
indivldaal who will live in a scientific and 
techhblbgical society" (Quebec) 

"Create aii^ enthusiasm for the method of 

thinking that uses observed facts_as data in a 
logical method of solving problems" (British 
Columbia) 

"Students shoulcLbe exposed to a 
representative sample or the Jechnplogical 
applications of science — communications^ 
transpbrtatibh, scientific research, medicine, 
architecture, computers, hbusehbid appliances, 
energy" (Newfoundland) 

"Tb relate science to career opportunities in 
technblbgy, industry. Commerce, business, 
niedlclne* engineering, educatibn, research arid 
other areas in which science plays a role" 
(Ontario) 



Scientijfic Skills /Processes 

In recent years, aims cbricerried with developing so-called "process 
skills" have become very popular among sdence educators: This in- 
volves developing the skills of the scientist (best exemplified, perhaps, 
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by the elementary science program, Snenre - A Frocess Apprmc¥) such 
observing, classifying, measuring, inferring, hypothesizing and so on: 
The CMEC report on science curricula cites a list of process skills from 
the Manitoba middle-years guideline, but neariy all provinces issu^ 
similar lists, and many cuiriculum projects and textbooks in recent years 
have claimed to provide for the development of process skills^ Munby's 
discussion paper^ urges science educators to reflect critically on the im- 
portant objective of scientific thinking. 

Science Sociefy 

Aims concerning science content have presumably always been present 
in curriculum guideiines and those focassed on skills and processes have 
been popular for over a decade: However, objectives in the "science and 
society" category are newer as popular faith in the social and economic 
potential of science has waned; Aims in this category focus on the in- 
teraction between science and society and particularly on such ethically 
problematic areas as energy, genetic engineering and the problems of in- 
dustrial waste. As yet, few curriculum materials have aims in this area as 
their primary focus® but the importance bf such aims for an informed 
citizenry has been increasingly stressed.' James Page's concern for a 
"Canadian context" for science education falls within this category: 

Nature of Science _______ _______ 

These aims stress the processes of scientific inquiry rather than its prod- 
ucts. However, unlike the category of skills and processes, these aims 
intend the student to understand how science, as a discipline/'works." 
Topics from the history of science are often used here io ^elp^ the stu- 
dent understand some point about, for example, the development of 
theories, the use of evidence or the nature of scientific discovery. The 
series of secohdaiy school sdeiice curricala developed in the i950^^ 
1960s as a result of funding by the (US) National Science Foundation - 
PSSC Physics. CHEMStudy and BSGS Biology - are classic examples of this 
type of curriculum. 

Personal Growth 

For some p>eople, all teaching and jeafning of schdol subjects, including 
science, is justified in terms of individual, intellectual, n^oral and social 
growth - goals of education common to all subjects: Ti^is presents Jhe 
problem for science educators: "How can leaming^science contribute to 
the attainment bf these goals?" Several_ ministry^aidelines show a 
variety bf attempts to deal with this problem^ Aims in this category 
stress the development of such qualities jis creativity, autonomy, cbbp- 
ei-atidn, teamwork, a sense responsiJ?ility^nd even patriotism. As 
"science content" aims are silent about the ultimate purposes of learning 
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science, so ' i . pal growth" aims are equally silent about how science 
teaching is e> . .ted to contribute to a student's personal growth. 



Aims invblvihg the development of various "attitudes" abound in min- 
istry guidelines, textbooks arid curriculum projects. There are least two 
major groups of these attitudes. The first comprises attitudes held to be 
characteristic of scieritists — "intellectual hdriesty, humility/ _9Pen- 
riiiridedriess, willingness to investigate, desire for accurate 
kribwIedge"io arid the like. The second consists of attitudes which stu- 
derits are iriterided to develop towards science, scientists or scientific ac- 
tivity, such as interest, enthusiasm, appreciation or excitement: For the 
purposes of the present analysis, we have grouped both of these to- 
j^ethef while recognizing that, pedagogically, it is probably not useful to 
do so.^^ 

Appiied Svimvv/Tvvhnology _ _ _ 

These aims focus upon informing the studerit c)f the uses of scierice in 
industry, medicine or other technological fields. Hayiri^ beeri very 
popular in secondary school science educatibri iri the 19Ws arid 1950s, 
such aims were largely displaced by those relatirig to the nature of 
science. Recently, however, there seems tb be a reriewed interest in 
these practical Jims^The categbry is broad, ranging from such aims as 
those advocated by Dbnald George iri'his discussibri paper. An ^Tigim^r^ 
View of Science Education,^^ to those cbritairied in the series of chemistry 
textbooks called ALCHEM, which describes the applications of chemis- 
try in iridustrial processes. Aridther aspect of the "Canadian context" 
theriie is irivblved here of course. Aims which stress^the application of 
scierice iri techriblbgy can do so using Canadian examples and thus ful- 
fill bbth aiitis simultaneously. 

Career OppOrf unities 

The potential for science education to contribute to the eventual eiri- 
ployability of students is often interesting to the students trieriiselves. It 
is of even mor general concern at times of ecbribmic recession br when 
technological advances seem to be overtaking the former emplbyment 
prospects of many people, especially wbmeri. Airiis iri this area tend to 
be contentious and hotly debated by acaderiiics whb db ribt see job 
training as a proper function for their iristitutibris. However, ministries 
of education do state such bbjectives arid, while nobody seriously con- 
tends- that high schools are pririiarily jbb-trairiirig institutions, it would 
appear equally siriiplistic tb argue that they have no responsibjlities 
in- preparing studerits fbr future careers. The potential for science 
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education to contribute to this Function of school thus gives rise to this 
category of objective. 



Analyzing the Ministry Guidelines 

These eight categories of aims^for science education are the tooLwiJh 
which we analyzed the statements contained in ministry guidelines. 
This analysis is not an exact scientific classification. Analyzing with 
categories such as these is an instance of what Max Black calls "reason- 
ing with loose concepts."^^ The categories themselves are hot precise or 
well defined; they cannot be. It is a matter of judgement when one as- 
sies a "border-line" objective to a particular categbryy arid we have 
used our best judgement and have been aided by the critical commen- 
tary of ministry officials. The analysis is simply intended to be useful. 
The three levels of schbblingL— early, middle and senior — are the basis 
for separate analyses (see Tables V.2 to V.6). Note that New Brunswick 
has two columns in each of the tables, corresponding to the indepen- 
dently developed English and French pfogfanis. 

Early Yeurs 

Table V:2 shows the results of analyzing the aims of science education 
set oat in the early-years guidelines according to the eight categories of 
aims: There appears to be a consensus regarding aims at this level among 
ail provinces and territories. Four categories of aims appear in all guide- 
lines at this level: science content, scientific skills and processes, per- 
sonal growth and science- related attitudes. Three categories — nature of 
science, applied science/ technology and career opportunities — do not 
appear in any guideline. Some difference of opinion exists over the 
science and society aim; five jurisdictibris include aims of this type. 
However^ aims referring to such matters as the development of a con- 
cern for the environment were classified as science and society, and sev- 
eral provinces iiiclude environmental studies as part of the content of 
the early-years cbiirse. This analysis therefore confirms the trendy 
identified by Haggerty and Hdbbs, that the general goals of science 
education at the early years stress "process skills and attitude 
development. "^^ 

Middle Years 

The science cuiticuium guidelines for the middle years arejnore recent 
than those for the early years: With one exception,^!! guidelines have 
been revised within the past five years. Table y.3 shows the results of 
the analysis of the aims for this i^v^i'^'ffi?re|s a distinct shift in priorities 
from those of the early years: Science content is learned for its own sake 
although process skills are also stressed and science and society aims ap- 
pear in every guideline. Science-related attitudes, while they appear in 
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Table V.2 - Aims of Sclence Educaiion - Early Yca^ 

Province/Territory N fld PEI NS NB(E) NB(F) Qiie Ont Man Sask Alt a BC NWT Yl 

Year of Guideline m__(i) 1978 « 19771 1980 1975 197 9 1971 1980 1981 1978 1978 

Science Content XXXXXXXXXXXXX 
Scieittific Skills/Processes XXXXXXXXXXXXX 
Science and Society X XX XX 

Natiire of Science P 

Personal Growth XXXXXXXXXXXXX 
Science^Related Attitudes XXXXXXXXXXXXX 
Applied Science/Technology 



Career Opportunities 

* Document undated 

6^ 
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Table V.3 •• Aims of Sdencelduiation - Middle Years 



Provinc^TeSto^ Nfld PEl^ NS NBjEj NB(Fj Que Ont Man Sask^^tta_B£LjWT 

' " 1980 (') 1977 m toyo 1980 1978 1979 1979 1978 1982 1979 



Science Content 
Scientific Skills/Processes 



Nature of Science 



X X X X X X X X X X X X 

X X X X X X X X X X X X 

X X X X X X X X X X X X 

X X X X X X 



X t X 

Science-Related Attitudes X X X X X X X X X X 

XX XX X 

X i 



Career Opportunities 

* Document undated. 

b Aims are not stated explicitly. 

t Draft document only. 

<i Yukon follows BCpropani;- 
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nine guidelines, are not stressed to the same degree as at the eariy years. 
Finally, a number of guidelines stress the applications of science. It is 
clear that programs at this level are intended to achieve a wider variety 
of aims than those at the early level, and that a fair degree of consensus 
exists among the various ministries concerning what those aims should 
be. 

Seri uyr Years 

Since biology, chemistry, and physics are offered at the sehibf-years 
level in every province, we decided to analyze only the guidelines corre- 
sponding to these courses. The reader should consult enrolment figures 
for an appreciation of the degree to which these courses are representa- 
tive of the science taken by most students at this level; but these are 
probably the chief options for most Canadian students: Tables V:4; V:5 
and V:6 show the results of analyzing guidelines in biology, chemistry 
and physics. Two immediate patterns are evident. There is less agree- 
ment about aims at the secondary level and there is a broader range of 
aims than for either of the other two levels. An increased concern For 
learning about the nature and applications of science is notable. Corre- 
spondingly, there is less emphasis on aims concerning "personal 
growth" and the development of attitudes. The inclusion of "science 
and society" aims seems to be related to the date of the guidelines: these 
aims appear more frequently in the most recently published documents. 

A number of questibhs arise from the results of this analysis but 
since several involve both the aims themselves and the strategies recom- 
mended for their attainment, they are discussed after the review of min- 
istry policies concerning textbooks and teaching strategies. 

Strategies of Science Teaching 

To achieve a variety of education aims, a corresponding variety of 
teaching strategies is required. Therefore, the study examined cur- 
riculum guidelines that prescribed strategies For the achievement of the 
stated aims. In general, guidelines provide few strategies for teachers; 
those that appear are reviewed briefly below. 

The chief policy instrument used by all ministries to control or in- 
fluence teaching strategies is the prescription, authorization or approval 
of textbooks for student use. The degree of regulation varies from prov- 
ince to province. Some provinces (such as British Columbia) make man- 
datory a very limited range cf textbooks at each level. Other provinces 
(such as Ontario and Quebec) authorize a very wide selection from 
which schools or teachers may choose. Elsewhere, guidelines list from 
two to six approved books and schools bi* teachers may Use any of these 
they chbbse. In sbme jUrisdictibhs, bther (Unlisted) bobks may be used, 
although the cbst of such bboks may be higher (if listed books are sold 
through the ministry at special rates). 
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Table V.4 - Aims offence Education - Senior Years (Biology) 

Province/Territory Nfld^PEI' NS NB(E) NB(F) Qiie Oiit' M^ -' Sask^'' Alta' - K' NWT i-M 

Yeat of Gflidfiline _ _ 1982 1978 1980 1972 1971 1981 1971 1977 1974 



Science Content X XXXX XXXX 

Scientific Si(ills/Processes X XXXX XXX 

Science and Society XX XXX 

Nature of Science X XXX X X 

Personal Growth X 
Science-Related Attitudes XXX 

Applied Science/Technology X XX 

Career Opportunities 



Giiidelihes being revised; no arialysis possible: 

•> Pilot program. 

f No aims stated in guideline. 

^ NWT follows Alberta program; Yukon follows BC program. 
* Science as a foundation for further study is emphasized, 

f Additional aims (ijicategQriai,6,.andi)Jir£ipKified in an overview of aims of secondary school science, 
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Table V.5 - Aims of Science Ed'4cation - Senior Years (Clieinistry) 



Nfld PFI' NS ' N Pl^) NB (F) Que Qnt' H » Alta' BP YT^ 



1982 1977 1979 1980 1976 1981 1976 - m^JSTt 



Science Content X X X X X X X X X 

X X X X X 



Science and Society X XX ^ ^ ^ 

X X XX XXX 



Personal Growth 

Science-Related Attitudes X XX 

Applied Science/Technology X X XX XXX 

y Y 

Career Opportunities : : : . ^ „ l! 

< Guidelines being revised; no analysis possible, 
I" Pilot program. 

[ Aims MM 

^ NWT follows Alberta program; Yukon follows BC program, 

< Science as a foundation For further study is em^^^ 

f Additional aiiits (iitxategoriei Sjiid h) are specified in an overview of aims of secondary school science: 
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Table V.6 - Aims of Science Education - Senior Yean (Physics) 


Pfrtt/inrp/TAiTilAfu 


Nfid 


PEl* NS^ NB(E) NB(F)- Qiie-Qnt* Um^ Sask .Alta' 


BC NWTt YT' 


Year of Guideline 


1982 


1977 


1979 1974 


1980 


1981 


1976 


1977 


1981 


Science Content 


X 


X 


X X 


X 


X 


X 


X 


X 


Scientific Skills/ Processes 


X 


X 


X X 


X 


X 


X 


X 


X 


Science and Society 


X 




X 


X 


X 


X 


X 


X 


Nature of Science 


X 




X 


X 


X 


X 


X 


X 


Personal Growth 


















Science-Related Attitudes 


X 


X 


X 




X 


X 


X 


X 


Applied Science/Technology 


X 


X 


X 




X 


X 




X 


Career Opportunities 










- X- 




X 



















* Guideline being revised; no analysis possible. 
^PMprogram. 

t NWT follows Alberta propm; Yukon follows BC program; 
Science as a foundation for further study is emphasized, 

• Additional aims (in categories 5 and 7j are specified in an overview of ai ms of s econd a ry school sc i ence : 
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Appendix B contains a list of 174 textbooks listed. by rniriistries of 
education (in the most recent documents available). This list only in- 
cludes textbooks for student use which cover a complete course or a 
large part of one (i.e., hot kits of equipment, audiovisual packages or 
single-topic books). This list does hot necessarily reflect all books in use 
in Canadian schools. Iii sbme schools, books formerly listed but now of- 
ficially dropped are still used. Schools in some provinces have the right 
to use books hot approved by the ministry. General comments about the 
selection of textbooks approved for use at each level fdlldw. (For a de- 
tailed discussion of individual textbooks, their usage arid content, see 
part three.) 

Emljif Yeur<i 

Ministry guidelines prescribe almost no teaching strategies at this level 
except tor general injunctions that the program should be "activity- 
based" or that teachers should use the "inquiry approach." In Alberta, 
the latter term is defined in terms of students developing and practising 
"process skills." Elsewhere this term is often used but hot elaborated on. 
In most guidelines, the content is divided ihtb small units and, bccasibh- 
ally, student activities are suggested for teaching this cbriteht. However, 
strategies, for teaching are never crbss-referehced tb sjpecific airiis arid it 
is generally assumed that decisibhs in this area are best left to the 
teacher. 

A total of 36 textbooks are listed fbr use at the early-years level 
across Canada, 20 bf which appear on riibre thari brie prdviricial list (see 
Appendix B for riibre details). Their use riiay be sigriificaritly different 
frbrn the pattern bf riiiriistry listirigs. Irifdfrilatidri about this was col- 
lected through a survey of teachers arid is reported in part three. Part 
three also discusses the aims arid characteristics of those books identi- 
fied as beirig used most frequently. 

Middle Years 

As in the early years, the cufficulurii guidelines prescribe few teaching 
strategies, leavirig these decisidris to the teacher. Again, several guide- 
liries stress an "activity approach." Some S3 textbooks are listed across 
the cduritfy, 21 df these appear in i^ore than one li^t^an^ only 9 in more 
thari two. It was therefore difficult to compile a comprehensive and rep- 
feseritative list (see Appendix B for the complete list and individual pro- 
vincial documents for more specific provincial lists). 

Senior Years ^ 

Mere topic listing and textbook prescriptions are the norm here. In bi- 
ology, 23 books are listed, 13 appearing more than once; in chemistry, 29 
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are listed, 16 more than once; and in physics, 32 are listed, and 10 ap|?ear 
more than once (see Appendix B for detailed Ustirigs of these books). 

Conciasions: Questions for Research and Deliberation 

Daring the course of analyzing the ministry policy dbcumehts, a series 
of questions emerged about the study's overall goal of stimulating 
deiiBeration about the future direcHphs of science educatidn. Most of 
these questions cannot be answered definitively at this stage. More re- 
search may be required. Also many of the questions involve value issues 
that require a position to be taken rather than an answer calculated — 
they must be responded to through deliberation in each jurisdiction: 
The questions are classified in to groups. The first two questions 
concern the pyerall briehtatibh of science in schools; nuKibers S to 6 
rpcus on specific aims for science education; arid number 7 discusses the 
themes brought but in the Science Council's study in relation to provin- 
cial science curriculum policies. 

OriehfaHoh of Science in Schools 

J. the number, vurieiy ani balance of aims for science educaHoh : How many dif- 
ferent objectives can a science program be expected tb reach? As we ex- 
amined a number of the provincial documents, this question arose in our 
minds frequently. Some documents sjjecify as itiany as 10 different aims 
for a single science program. Guideliries at the middle arid senior years 
often stipulate a broad rarige of aims {see Tables V.3 to V.6, pp: 67-71): 
Can a program enable students tb achieve many objectives or can oidy a 
few be achieved thbrbughly? Nb guideline document seii out any order 
of priority of aims. Can brie assUitie therefore that all 5>f the stated aims 
are equally important? If not, what is the proper balance for mariyj^ar- 
ied aims? These issUes call for clearer resolution than is provided in most 
ministry pblicies. 

The problem becomes of particular practical significance when one 
cbhsiders whether instructional resources are adequate to meet many 
varied objectives in science education.* in other words, is the range of 
textbooks listed by ministries adequate to meet the range of stipulated 
objectives — as distinct from the rar^e of content topics — specified in 
the guidelines? What additional provisions are schools and teachers ex- 
pected to make to ensure that bppbrtuhities exist for the attainment bf 
the broad arrays of aims? _ 

One cvay of apprbachihg answers to these difficult qUestibris is tb 
a&k: "Whsi practical difference tb the day-by-day teaching bf science 
vvojia it make if each one of a ministry's aims were separately 
dropped?" If the honest answer^ in any giveii iristarice. is that no differ- 
ence would result, one may iiideed qUestibri the function of that 

* For an examination of the objectives of the specific textbooks most often used see 
part three. 



69 



73 



particular aim. The insertion of an aim in a guideline For rhetorical pur- 
poses - because, Uke motherhood, one cannot be against it - is hot bhly 
useless window dressing, it serves to blunt and confuse what could be 
an incisive direction to science teachers. Moreover, in some guidelines^ 
an impressive set of general aims for a program is Followed by sets of 
course objectives that, even taken together, do hot arnbuht to the overall 
aims. As we have noted earlier, the aim or purpose of a scier e program 
can be of great signiHcance for the students. If there are too many differ- 
ent iims, if they are vague or carelessly stated or if those specified are 
not perceived by teachers to be attainable, then they will likely be ig- 
nored. Ministries of education will then have little control dvei* the di- 
rection of resulting programs. 

2. The relaHon of science other suhjecfs : A number of guidelines for the 
early years refer to the heed to relate science to social studies. The inclu- 
sion of ehvirbhrnehtal studies at this level provides an excellent oppor- 
tunity for this integration to take place. At the middle years in Atlantic 
Canada and Ontario, science is integrated with other subjects, whereas 
in western Canada, life science, earth science and physical science are 
presented in separate years. Apart from these two instances, the relation 
of science to other subjects in the curriculum is almost never discussed. 
How then is the teaching of science supposed to relate to the teaching 
of social studies (at higher levels of school, especially),, to the teaching of 
mathematics and to the teaching of so-called technological (or technical) 
subjects? These questions need resolution in practice and at present 
there appears to be little ministry-level direction. 

Specific Aims for Science Education 

3. The kurning of science confenf as an objective : Not surprisingly, perhaps, 
the aim most frequently encountered in guidelines at all leVels was For 
students to learn something of the content of .science. Clearly, in a 
science course, science content must Be present. But often, especially at 
the early years, one hears the claim that the chief fuhctibn of content is 
to act as a vehicle for reaching other educatibhal gbals. Yet, as evert a 
brief examination of many guidelines can dembhstrate, the detailed ar- 
rangement of the science tbpics tb be learned frequently occupies most 
of the document. Science educatbrs must ask themselves carefully and 
critically what is the real balance of importance between the learning of 
content and bther bbjectives. This is of practical significance on a^day- 
tb-day basis when teachers arid, increasingly, ministries also attempt to 
evaluate students' achievement. 

4. Process skills : If learning science content is the aim most often encoun- 
tered, then the development of "process skills" is a dose second: As in- 
dicated eariier, several lists of these skills exist in various guidelines but 
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rarely, if ever, is any advice provided stating which skills are feasible foi* 
a given level. Gonsequehtly, a list which includes as diverse a collection 
of skills as "observing/' "cbhtroUihg variables" and "theorizing" is ap- 
pended to guidelines for programs at all levels for students at Various 
stages of intellectual deveropmeht. Cleariy, some skills cannot be de- 
veloped at the elementary level while others are likely redundant at the 
senior level. Yet, rarely is a hierarchy of skills cfoss-fefefenced to differ- 
ent grades, ages or develppmehtal levels. Such a casual approach to ob- 
jective setting can result in only the Idwest-level skills being attendee^ to 
or the total neglect of higher-leVel inquiry skills: It would appear that 
the justificatibh for including this objective at the senior-years level — 
that the development of sUch skills can enhance^the student^s ability to 
"solve problems" in life generally — should be particularly questioned. 
Marcel Risi's discussion paper^^ moves one to doubt the validity of such 
a claim. 

5. Science'retafed ainhites as -hjecHves : litis category incorpor^ ':es two dif- 
ferent typfes of attitude attitudes held to^ be characteristic of scientists 
and :>.tdtudb5 towards science, scientists and scientific activity. Aims de- 
signed to develop both types of attitudes are encountered at all levels 
without ^tiy indication as to how a teacher should engender such atti- 
tudes. It has even been suggested^^ that developing an attitude towards 
something entails taldng a value pbsitibn tbwards it^ and that deliber- 
ately cat*si ng students to take up a pbsitibn bf, say, valuing science must 
involve indoctrination on the part bf the teacher. The argument cdri- 
clades that if the process cannot be a rational one, then it is unethical to 
conduct it as part bf public educatibn. While the reader may not find 
such an argument entirely convincing, he or she may nevertheless ask 
iiow such aims can in fact be achieved in a defensible manner. 

6: Science and society and applied sdr/ice/iecHnoT^ : Several critics of 

science educatibn complained that hot eribugh attention was paid to the 
interactibn bf science and society. As well, popular wisdom in schools 
bfteh regards ministry policies as follotving father than leading cuj-- 
riculum change. But aims dealing with understanding aspects o^ the in- 
teractions among science, techndldgy and society are clearly appearing 
more often in ministry guidelines; How can we explain^ 
Are textbooks lacking in this area, do teachersjiot rate these aims as im- 
portant or are the critics and popular wisdom wrong? 

_ _ . « 
77if Shi^y i Themes in RelaKon fo 
Provincial Science Curriculum Policies 

7. Issues from fhe study s discussiDn papers and worhhops : During this analysis, 
we were concerned to see v/hethei^the issues raised by the discussibn 
paper series and their implicit criticisms bf science educatibn (see 
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Table Il.i) appeared in the guidelines. The issue of a Canadian context 
for science education appeared only bccasibhally. For example, the 
Northwest Territories provides programs designed to help students an- 
derstahd science as it applies to their unique northern envfronment; 
Prince Edward Island has an agriculture component in its middle-years 
science program. No guidelines referred to the processes of engineering 
though some mehtibhed techndldgy and the products of ^pplje^science. 
And no guideline at any level made any statements concerning the 
heeds of both giris and boys. Apparently, niinistry policy statements do 
not generally consider these important: Whether or not they are impor- 
tant is clearly a matter f oi* deliberation within each province. 

Further issues for deliberation are set oat in the textbook analysis 
(part thfeeX the survey of teachers (volume 11) and case studies 
(volume 111). But while research may clanf y^the issues, the task of decid- 
ing aiid chdd mast rest with those in each jurisdiction who are 
charged with responsibility for developing policy. It is thcii task that the 
process of deliberation is intended to facilitate. 
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VI, Textbooks in Science 
Education 



The aims of science teachings as set but in ofHcial policies^ are either in 
harmony or ccnHict with two other sets of ihtentibhs, namely those of 
teachers (see volume II) and those found in t< :<l books. Part three of the 
study focusses on textbook aims and summarizes the degree of overlap 
with those of teachers and policy documents. Of course, art account of 
the ihtehtibns expressed by authors of science textbooks, however com- 
plete, is ah inadequate basis for us to evaluate the ways in which text- 
bbbks affect educational practice. Textbooks, as we shall demonstrate, 
are still one of the principal ways of reaching the aims of science cur- 
ricula; the present analysis therefore examines the opportunities text- 
books provide for students to achieve these aims^ Finally, this^sectiOT 
will enable the reader to determine the extent to^^hich certain criticisms 
of science education in general are specifically applicable to science text- 
books. 

In order to make clear the importance of textbooks both as a toblin 
sci(^nce teaching and also as an economic commodity, discussion bf the 
methodology and results of the analysis is prefaced by a few cbmmehts 
on the place given to textbooks in official guidelines, their role in science 
classes and their place in the educatibhal publishing market. 

Omdal Policies 

Despite the upheavals science education has gone through in the last 20 
years, the textbook has continued to play an important P^irt in the enter- 
prise. Its function, however, has changed. Not long ago, the textbook 
was riot only the sole reference work available to students^— it was, for 
all practical purposes, the entire program^ Since the ^^^'^"J^SJ^^ Jhe 
19608, the shift of '^-Tiphasis towards training in the scientific method 
and a concern for individualized instructioii have led educatibnal 
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authorities to recbinmehd the use of several textbooks rather than a sin- 
gle one. : He fblldwirig excerpt fvoiti an official document of the Ontario 

mihial^y of education iiiustrates this trend: 

"There is heed to recognize the tren^ away from the use of a single 
text per grade as the principal instrument of instruction, and 
towards the use of a variety of books in any subject area. Educa- 
tional research has confirmed ^he fact that Jhe rate and degree of 
pupil growth and matarity vary: Teachers ^usi be provided with 
an ever-increasing selection of books and instructional materials in 
order to be able lO choose those that meet the different heed^ and 

aptitudes of their papHs. ^ 

"Similarly, children most have access to an ample variety of 
print materials if they are to develop facility in choosing those ap- 
propriate to their immediate needs. 
The Quebec ministry of education has recently begun a radical revision 
of the role of the textbook. In the policy statement and plan of action, 
"The Schools of Qaibec," the following illustrates clearly how certain 
provinces are moving towards a textbpok-cehtred program: 

"The present situation obliges the Mihistere to take steps to festdfe 
the textbook to its primary role among teaching materials arid to 
emphasize its value as a basic teaching tbdl."^ 
The Saskatchewan department of education, in its directives cdricerning 
textbooks, after discussing the advantages arid disadvantages of a single 
textbook, suggests a cbmprdrriise: 

"Although the single textbook bptibri is ribt the rildst highly recom- 
mended approach, it may be a reasdriable startirig point. Working 
with their own cbpies of the bther textbbbks, teachers will find 
which ones are mbst useful arid cari accumulate, year by year, addi- 
tiorial copies for studerit use. Iri this way, a gradual transition to the 

multi- textbook apprbach cari be achieved:"^ 

Thus, whatever their pbsitibri fegafdirig the number of textbooks to be 
used, ministries bf educatibri agree that textbooks play an important 
role as a teachirig tdbl. 

Whether dr ridt a particular textbook is used in a given science 
classrddrii depends on a number of f actors, the most important beirig the 
apprdval, authorization or prescription of rninistry policy. This factdr, 
althdugh essential, is not by itself sufficient. Intermediary bodies (schddl 
bda. d and/or school) also have a say in the matter, arid this iricludes fi- 
riaricial considerations: And in the end, the teacher usually has the firial 
chdice. For the purposes of our study, we examiried the cdrisiderable 
variety of science textbooks in use in Cahadiari schools. Appendix B 
lists 174 titles prescribeH, approved or authbrized by riiiriistries. Even al- 
lowing for a reduction in this number tb accburit fbr the existence of 
both French and English versions of the sarrie text, the list renlains im- 
pressive. Furthermore, bur survey shbws that the more than 4000 re- 
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spondents use roughly 250 diiTereht titles, some of which do not even 
appear in official policies. 



The importance of Textbooks to Teachers 

The survey of science teachers asked three questions about textbooks: 
their use in classes, their usefulness in course pfeparation and who, ac- 
cording to teachers, should be respdiisible for their selection: Both the 
questions and ►He detailed results are found in volume 11: Here we 
merely indicate the broad trends that emerge from the responses. 

Textbook use by students varies greatly from province to province. 
For example, in Canada as a whole, about six out of 10 teacHers in the 
early years indicate that their students do not use a science textbook. In 
itself this ihfbrmatidri is hardly significant unless we add that this prb- 
pbrtibh vanes from about 3 per cent m Newfoundland to about 90 per 
cent in Ontario. In the middle and senior years the differences between 
provinces decrease: the proportion of science teachers whose students 
use a science textbook rises from about 75 per cent in the middle years to 
90 per cent in the senior years. 

While many students do not use science textbooks during instruc- 
tion, their instructors and teachers do use them to prepare their lessons. 
The survey asked respondents to appraise the relative Usefulness of 13 
teaching aids in the preparation of science lessons. The replies of teach- 
ers in the early years differ from those of their cdlleagues at higher lev- 
els. Curnculum resources from the school library were rated as fairly or 
' ry useful by 80 per cent of eariy-years teachers while 65 per cent of 
these teachers feel the same way about curriculum materials Prepared in 
their school or school board, Finally, 62 per cent agree that the textbooks 
approved at the provincial levei are fairiy or very useful in lesson ^ 
preparation. - 

At the middle-years level; 77 per cent of science teachers_fihd_ text- 
books other than the approved ones to be fairly or very useful; 73 per 
cent feel this way about approved textbooks and 70 per cent share this 
view about materials from the library. 

At the senior- years level, 83 per cent and 78 per cent of science 
teachers consider textbooks other than the approved ones fairiy or very 
useful in preparing their lessonsj 78 per cent rated approved textbooks 
in this way; and 70 per cent of them feel this way about materials such 
as science magazines, journals and newsletters. 

For a detailed presentation of the responses to these questions, see 
volume II. Here we focus on curriculum resources that most teachers 
find useful in lesson preparation. It is interesting to note that teachers 
view textbooks (both those approved and^thers)^ as useful aids in the 
preparation of science courses, that agreement on this point increases 
with grade level, that curriculum resources from the schobl library are 
considered less and less important from primary to the end of secondary 



school, and that textbooks other than the approved ones are perceived 
to be useFul in course preparation, more useful in fact than the approved 

ohes^ 

The survey also asked science teachers to indicate which of six 
listed authorities should be responsible for selecting textbooks. At all 
three levels, the teachers, in a proportion varying frorh 44 per cent to 
52 per cent, support the proposal that a committee of teachers at the 
schodi-bdard level shdiild be given the responsibility for selecting text- 
bddks. All dther aiithdrit' :s receive less than 14 per cent suppdrt. Fully 
half the teachers, therefore, want to be responsible for choosing text- 
books and want this responsibility to be exercised at the school-board 
level (see volume il for more information): 

Ndne df this can shdw us hdw textbooks are actually used in prac- 
tice. If textbooks really are used, hdw are they used? The reader will find 
answers to some of these questions in the series of case stadies ander- 
taken during the fall of ^981 in eight Canadian schools (see volume III). 

Science Textbooks ard Teacher Satisfaction 

In section 3 oF the questionnaire, the teachers were asked whether a 
science textbook was u^ed by the students in the class that they taught 
most often in 1981 to 1982. Out of 4206 respohdehts, 2631 answered in 
the affirmative; of these^ 1927 teachers evaluated the folio wing 10 as- 
pects of the textbooks they were using: 



1. 


apprbpriateness of the science con tent 


For the grade level 




taughi; 




2. 


relationship of the text's objectives 


with the teacher's 


3. 


priorities; 

readability for students; 




4. 


illustrations, photographs, etc.; 




5. 


suggested activities; 




6: 


Canadian examples; 




7. 


accoants of the applications of science; 




8. 


appropriateness for slow students; 




9. 


appropriateness for bright students; 




10. 


references for further readings. 





Respohdehts were alsd asked td give their overall impressions of the 
textbddk used (see vdlume II). 

Ih this section, we examine in greater detail the results of an anal- 
ysis df 50 textbodks (dr series of textbooks) that, according to the survey 
data, are the ones most frequently used in Canadian schools (see Ap- 
pendix C for tabular results): The tables show a number of significant 
trends: First, teachers are generally quite satisfied with their textbooks. 
Of the 50 textbooks, 36 are considered completely or fairly adequate by 
two-thirds or more of their users. This is the case For all the physics text- 
books and almost all the biology and chemistry textbooks used at the 
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senior-years level. Moreover, only three textbooks are cdrisidefed com- 
pletely inadequate, two of which were evaluated by only five of six re- 
spondents. The rest of the textbooks [11 but of 50) were rated as 
mediocre or fair. All but two of the French-language textbooks fall into 
this category, but in view of the small number of respondents who eva- 
luated these textbooks, it would be premature to attempt to draw any 
definitive conclusion. 

With one exceptidh, the most frequently used textbooks are also 
those which create the best overall impression. At first sight, therefore, 
it does not appear that teachers are often forced to use textbooks with 
which they are hot satisfied. 

In Appendix C,_the features of textbooks that were evaluated are 
ranked by degree of adequacy, making it possible to determine quite 
quickly which features are considered adequate of inadeqaate by the 
largest number of respondents. For example, the presence pf illust ra- 
tions is the most appreciated feature of almost all the ^srly "J* nd middle- 
years biology textbooks, while, at the other extreme (for these same 
textbooks), appfdpfiatehess fdf the slow student is the least adequate 
feature (this was ranked last 10 times oat of 13). indeed, this feature is 
inadequate iii alfnbst all textbooks; it is ranked tenth (least adequate 
feature of all) fdf 24 of the textbooks and ninth for 18 others. So teach- 
ers are saying that their textbooks are of little use in helping students 
with leafning difficulties. 

Since bur study is pafticularly concerned with the aims of science 
teaching, biie pafticularly inter^ting feature is the correspondence be 
tweeii a textbook's objectives and the educational pribriHes of the 
teachefs using it. For 28 of the 50 textbooks, at least three but of four 
teachers believe that the textbook's objectives cbrrespbhd with their 
educational priorities completely or fairly well. These features are 
widely used — 28 textbooks are used by 1300 but of a total bf 1700 re- 
spondents, that is, 75 per cent of the respbhdehts. Here again, vefy few 
(four) of the textbooks are seen as having ah uhsatisfactbry cdffespdrid- 
ence between their objectives and teachers' pribfities. Since each of 
these textbooks was evaluate^ by between five and seven teachefs only, 
no firm conclusion is made. But fbr brily a few textbddks is the corre- 
spondence between their objectives arid the teachers' priorities consid- 
ered their rnbst satisfactbry feature. 

Efforts made in recent years to iricrease the readability of science 
textbooks have, it appears, met with sdrrie success. Only nine textbooks 
are considered ihadequate iri this respect by at least 50 percent of the 
users. These include the first editidris of the following programs:^CH£A/f- 
Study Xiwo textbbbks^, PSSC (one textbook and its French translation) 
and /SP (French versibri df IPS). According to the francophone respond- 
erits, Les chemms de ia science (the French version of STfA/O and La chtmie:^ 
experiences et principes afe less readable than the original English-language 
versidris. It is reasonable to suppose that the readability of the English 



bfigirial is difficult to preserve in translation. At present, it Js^hard to say 
vvhether this is the only factor that can explain such a difference. 

Teachers also evaluated the activities suggested in science text- 
books. Those activities contained in eight of the textbooks are consid- 
ered completely Of fairly adequate by at least 80 per cenj^of^their users^ 
These activities, however, are practically never the primary ^urce o( 
s.itisfaction. At the other extreme, the activities suggested in nine text- 
books are considered marginally or not at all adequate by at least 60 per 
cent of their users: Carioasly, this group contains seven of the 15 bi- 
ology textbooks (see Appendix G for more details). 

The results on the "Canadian examples" section were puzzling. In 
particular, two textbooks that had no J^ariadian content were neverthe- 
less considered adequate in this respect; it could be that teachers con- 
sider Canadian content unimportant; in that case, they would consider 
textbooks satisfactory even though they contain Few or even no 
Canadian examples. However, even though the teachers do not consider 
an awareness of scientific activity in Canada a very important bbjectiye, 
the absence of Canadian examples in the textbbb^cs seems to trouble 
them. For halt of the textbooks, this feature is ranked ninth or tenth 
(least adequate feature). It is also hotewprthy that thbf.a textbooks that 
do contain Canadian examples are cbnsidered adequate in this regard. 
This is the case for Understandir^ Livir^ Thirds and ALCHEM, for which 
Canadian examples represent a major sburce bf user satisfaction. 

The degree of satisfactibn regarding applications of science varies, 
but rarely reaches a high level. Oh the whole, the senior-years teachers 
do hot consider science textbbbks satisfactory in this respect. 

At the beginnings bf this sectibh, we pointed but that the teachers 
are dissatisfied with the suitability bf the textbbbks for slow students. 
Generally speaking, rnost bf the textbbbks are cbrisidefed very suitable 
fbr bright students, particularly at the senior- years level, where this fea- 
ture is listed as the primary source of satisfaction for 13 out of 26 text- 
books. Hbwever, a textbook that is adequate for bright students is often 
considered inadequate for slow students. Very few textbooks are con- 
sidered adequate fof both of these groups; amongst these exceptions are 
FuivdamerifaU of Physics and, to a lesser extent, STEM and y^tCHEM Four 
textbooks are considered (by over 50 per cent) to be inadequate for 
bright students: Are these textbooks then adequate fbr slow students? 
The answer is "no" for two of the textbooks in question and "yes" fbr 
the other two: Since the number of respondents is small in three of the 
four cases, it is once again difficult to draw any firm cbhclusibhs. Never- 
theless, on the whole, the science textbbbks used in Canada are cbnsid- 
ered by teachers to be much more apprbpriate fbr bright sti.dehts than 
for slow students. 

Another feature which the survey respbndehts evaluated was the 
number bf references to other relevant bbbks. Since we had hbt specified 
to whom these references were tb be relevant ^students br teachers), the 
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evaluation must be interpreted very generally. Fully 50 per c^*'^. ?^ r^^^e 
teachers are satisRed with this feature for 21 of the 50 textb ' ' ^ a*: 
years biology textbooks are consideic^ ;h • most ad^^n^'r '.m* re- 
spect: Lastly, we note that these relevant reference* -c . r.» cessarily 
found in the student's textbook. For ex.^mpte, al'^i uu^h one chemistry 
textbobk, Foundayionh of Chemistry, has a 73 percent adequacy rating with 
regard to relevant references, the student's text contains ho such refer- 
ences. It must be supposed that these references are all found in the 

teacher's edition of the book. _ f 

The final feature evaluated by respbhdehts is the suitability of the 
scientific content for the intellectual maturity of the students. Accord- 
ing to the teachers, the great majority of the textbooks are adequate in 
this respect; indeed, 39 of the 50 textbooks are cbhsidered fairly of 
completeiv satisfactory by at least two-thirds of their users. This is par- 
ticularly true for practically all textbooks intended for use in the senior- 
years level. 

In cohclusioh, the survey indicated that the teachers are gerierp.Uy 
satisfied with their textbooks, finding them well illustrated, easy to rei» '. 
and generally well suited to the intellectual maturity of their students. 
Teachers feel the textbooks have little to offer the slowest students bat 
do meet the requirements of the bright students. Is it possible to develop 
a^ textbook which meets the requirements of both groups equally jvell? 
The fact that many of the textbooks do not contain Canadian examples 
of descriptions of science applications causes a certain amount of dis- 
satisfaction among the teachers. And finally, the teachers consider that 
science textbook objectives correspond adequately to their own priori- 
ties. Thi.- finding is not too surprising, as elsewhere in the questionnaire 
the teachers state that they view the science textbooks as very important 
tools in the preparation of their lessons. 

The Science Textbook Market 

The Science Council's study is not primarily directed towards the prob- 
lems of publishing science textbooks for use in the primary arid second- 
ary schools of Canada. Few studies have been devoted to this matter. 
However, figures dating from 1976 and relating to the position occupied 
by science textbooks in school textbook publishing are summarized in 
Table VI. 1, 

From kindergarten to grade 13, the net sales of science textbooks 
for the year 1976 amounted to $1 972 198. In the same year, the net 
sales of all school textbooks intended for these grades came to 
$41 962 525. Thus, science textbooks constitute 4 7 per cent the pub- 
lishing market. In terms of numbers of copies sold, the 415 218 science 
textbooks represent 3.6 per cent of jhe total 11 630 244 textbooks. One 
may wonder at the existence of so many different titles in such a small 
market. According to data provided by Statistics Canada, the volume of 
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sales of textbooks fluctuates considerably from one year to the next. We 
cannot therefore infer a clear trend, either upward or downward. How- 
ever, any trend, if there is one, would be important because a consistent 
drop in the sale of textbooks would mean that teachers are using wofn- 
out or out-of-date books. Concerned at this possibility, the dntario 
Teachers' j^ederatibri, in cbbperatidri with the scHbdl group of the 
Canadian Bbbk Publishers' Cburicil commissioned a study on textbooks 
in Oritarib classrbbms. The aiithbf of the final report, Doris Ryan, notes 
that: 

• about two-fifths of the books that teachers currently use in 
their classes were published before ^975^ ^j^S^^^^V i^^/^ 
one-fifth dt these books were published twelve or more years 
ago; 

• 40 per cent of the teachers surveyed teach a class or subject in 
which the textbooks available for student use are out-of-date; 

• among subject areas, out-of-date textbooks are in use most 
often by teachers of history and geography, science, and 
English.'* 



Table Vl.l Saies of School Science Textbooks, 1976 




copies Sold 


Net Sales 


Teaching Level 


English -French 


_ English 


French 






$ 


$ 


Early Years 


81 913 43 134 


370 749 


192 407 


Middle Years 


75 774 15 712 


374 916 


108 536 


Senior Years- 


_ 172 670 26 015 


7'^2 048 


153 492 



Sourer. Statistics Candda, Book Pubtishini: School TexihdoH ^^76- ^at: no: 87-603, 
Statistics Canada, October, 1979. 



Our own survey shows that a good number of science textbooks cur- 
rently in use kh Cariadia.^ schools are getting old. Thjs is of little impor- 
tance for the scientific content which, as we will indicate|ater, is fairly 
standard. However, features, such as avoidance^of stereotypes, increased 
Canadian content, a social perspective and some original scientific con- 
tent appear mostly in the newer textbooks (published since 1975). 
Deliberaticn over future directions for science educatio* should take 
into account the aging of science textbooks. 



86 



81 



VII. Descriptive Analysis: 
Aims and. 
Mefhdddldgy 



The analysis of textbooks is included in the strategy of deliberative in- 
quiry to provide a database for informing the ^^e^J^rations concerning 
the directions of science teaching^ are not concerned vyith 

evaluating science textbooks, but rather with describing some of their 
sighiHcarit features. Initially we examined the general properties of 
science textbooks, then selected certain features for more detailed study, 
on the basis of the general aims of the study and the specific bbjectives 
of this textbook analjf^sis. 



Selected Features of Science Textbooks 

r e features of science textbooks were considered: textbooks as 
r> -:al objects, their science content, the structure of this content, its 
Cs :ext, arid their suggested teaching methods: 

Texiboolcs as Material Objects _ 

Textbooks have all the characteristics of other pririted works. Their 
material quality can be judged by such criteria as layout, the presence of 
illustrations, the use of colour, legibility, readability, etc. Price, availa- 
bility and country of origin may also irifluericfe the choice of a textbook. 
And, like any other material object, a textbbbk may cause different reac- 
tions in those who use it. An example of this may be the security^ that 
some parents, teachers or students feel as a result of having it in the 
classroorn.^ 
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The Scienre Content 

Content consists of all the facts, laws and theories that constitute what 
may be called the rhetoric of science. Here are a few random examples 
from various textbooks; _ 

"Work is produced when a force is applied to a body and causes 

th'.3 body to move in the direction of mbtioh of the force." 

"iViiitualism is the association of two species where both species 

benefit from this association." _ 

"A + B M ^ AB and [AB] = k x [A] x [B]." 

"The statement that all matter consists of atoms is called the atomic 

theory." 

Tne Structure of the Content - _ _ 

Authors can hold di|prent opinions concerning the choice of concepts 
to be introduced in the course and the order of their presehtatibh. In Ta- 
ble Vjj.l, two tables of contents from chemistry textbooks recom- 
mended for the same school years in the same province illustrate the 
point: Not only are the concepts presented in a different order; they are 
introduced in a different v^ay. Table VII.2 illustrates two ways of intro- 
ducing the concept of bxidatioh-reductioh. 



Tabic VII, 1 - Cbinparison of Tables of Contenls of Two Chemistry textbooks 

textbook Textbook - - 



1 


Chemistry, an experimental 
science 


1. 


Introduction to the experimental 
method 


2. 


Th»? atomic theory 


2. 


Mixtures, cbrtipbuhds arid the 
elements 


3. 


Principles of chemical reactions 


3. 


Mefailic and non-metallic 






elements 


4. 


The g«ts phase: An introduction 
to kinetic theory 


4. 


the behaviour of matter 


5. 


1 'quids and solids: An extension 
of the kinetic theory 


5. 


The atbm 


6. 


Solutions, solubility, arid ions 


6: 


The electron universe 


7. 


Order among atoms 


7. 


The peribdic table of elements 


8. 


Cbrtipbsitidh of the atom and 
radioactivity 


8. 


Solids 


9 


Electrons in atoms 


9. 


The physical behavibur of gases 


10. 


Chemical bonding 


10. 


Chemical reactions and molar 






ratios 


11: 


Energy in chemical and nuclear 
reactions 


11. 


The lic)uid phase and sblutibhs 


12. 


The rates of chemical reactions 


12. 


The thermal aspect of chemical 
reactibns 


13. 


Chemical equilibrium 


13. 


Reaction rate 
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Table Vllil - continued from previous page 
Textbook A* 

14. Aqueous acids and bases 

15. Oxidation and reduction 



14 
15 
16 



Textbook B** 

The state of equilibrium 

Solubility, a case of equilibrium 

Acid^s and bases of equilibrium 
cases 

17, Oxidation-reduction, a case of 
equilibrium 

18. Chemistry, the environment and 
pollution 



16: The chemistry of carbon 
cdrripduhds 

17. ChemicaL bonding in gases, 
liquids and solids 

18. The halogens 

19: The fourth row transition 
elements 

P^uj R. CVConhbr ./ al, Chemisfry: Experlmehls ariU Frincipies, D.C Heath, 

Toronto;, p, viii. _^ 

^ Rene Lahaie ei al, EtemenH te ^himxf tTpMmmialt, Editions HRW, Montreal, 
1976, p. V (bur traiislatibii), 



Table VII:2 - Two Ways of introducing the Concept of Dxidatibri'Reduc> ^ in 
Textbbbk C' 



1: The nature of burning 
2. Oxidation 

3: Characteristics of oxygen 

4. Activity bf oxygen 

5. Requirements for burning 



Oxidizing agents 

Reduction and reducing agents 



8. Electrons and oxidation 
C. Electrbchemistry 
10: Current and voltage 

11. Using electrode pbtenlials 

12. Predicting cell potentials 

13. PredicUon of_ reactions betvyeen 
oxidizing and reducing agents 

14. Balancing redbx ecuatib.is 
75. Oxidation numbris 



l.The chemistry bf electrochemical 
cells 



2. Redox reactions in a beaker 

3. Competition Fbr electrons 

4. Volts, amperes, and coulombs 

5. The voltage bf ari electrochemical 
cell and the tendency to accept 
electrons 

6. Predicting r-dox reactions 



7. Storage J^a^teries and 
electrochemical cells 

S.Cbrrbsibh bf iron, an undesirable 
redox reaction 



9: The electioi,-. - process, a 

hohspi-kitaneous redo>J reaction 

10. Quantitative relations in 
electroiysiif 

11. Balancing bxidafion-reduction 
equations 

12. Oxidation numbers 

13. Review 



16. Historical backt^-cund 
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Tabi<- Vli.2 - continued from previous page 

Textbook €•« textbook 

i i. M iiiuh^ redox equations with 
oxid»itioh iiuitibers 
A Mason and C V Sears, ln^uirie> irt Oifrnis/ry, Allyri & Baton, Toronto, 
pp. 303-42?^: 

^ V.\u\ R O'Connor et at., Chemisjry: txpenmetih ami Principles, D C. Heath, 
Toronto, pp. 310-343 ^ 



bbvioQsly, the intent is the same — tu teach students how to predict the 
redox reaction and balance the o , lat.ori-reductidn equations properly. 
Howpver, textbook C prefers to sl wt \v\th the combustion phenomenon 
(oxidation .^>> the procrss of cyn-H ning with oxygen), whereas textbook 

A uses electron Irarisfer as the guiding thread of the chapter 

Authors rvi jy employ one or more of the following criteria to struc- 
ture content: _ 

• the hit;torical sciut . ce of the growth of knowledge; 

• the logical order ot a modern reconstruction of a discipline (the 
structure of a discipline); 

• a hierarchical rhbdel of learning; 

• the cognitive level of the r^tuderit and his prescientific ideas; 

• the dei,ire tc present scientific activity from different points of 
view (culturaU soci.i^ techholbgical, etc.); 

• the aim of the course (preparation for higher studies or general 
edacationj; 

• Force of h:»bit (standardization of textbobPs). 



TTie C ntexi of the Science Confertl ^ 

Aatho- enjoy considerable latitude in choosing the context in which 
th'^v pi. .ent the s..ence-^nteht. The context nay be defined briefl^^^ 
the sum of all the Inf ormatioh rib^ included in the science content as de- 
scribed above. For the pur-obses of the study we identified four compo- 
nents t f this context. 

/. Vfrss(Jj.vs about science: The author s'.ates hii_concept of the ric^tur^: of 
science. This is the "rhetoric abor: science." Consci'-usly or bthervvice, 
the author adopts one or more philosophical points bf view. Here are 
some examples: 

"In this book yo»- will see some example:, of rules in science that 
have been shown to be wrong. They have been .epiaced by new 
h ]?' Someday these new rules may have tb be chanp.ed toe: This 
method of trying to create explanaMbhs that fit all thr facts has led 
to such wonderful successes ^s polio vaccine and the propulsion of 
rockets to the moon."^ _ _ 

"What can we do while we v.'ait for science and technology to dis- 
cover the new sources of energy we so desperately raed?"^ 
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"It is chakactcrisHc bftbday's researchers that they accept the obli- 
gatiph to publish their results world-wide through the medium of 
specializer* pericSdicals arid cdrigresses, so that their colleagues can 
discuss thcM. ,irid profit frdrn them in the interest of hastening new 
discoveries."^ 

2. T/it- phi/^icul i ompofit'uh This cdmporierit represents the physicaHrame- 
wbrk (or the abserice of one) in which an author chooses to set the sub- 
ject riiattcr. The fdllowing example shows how a piece of sci<»ntific 
information can be imparted without any distinct framework: 

"Efftrf of pH: The action of all enzymes is influenced by the pH of the 
sdlutidn in which they are operating. For every enzyme there is an 
iypfimai pH at which the rate of reaction is at its maximum. IF there i' 
a departure from this pH in either direction the rate oF reaction de- 
creases rapidly and soon reaches zero. Again, the explahatibh lies in 
the denaturation of th^ enzyme at pH values some distance away 
from the optimal."^ 
Here is an example where a physical cohte\» ^s present: 

" A much better v%ay to prevent corr^i>ioii oF iron ihvblves bringing 
a stronger reducing agent than iron into the systerri. A met?l such as 
zinc or magnr^^iam in close contact 'a ith 'rbh becb the anode, 
forcing iron to act as a cathode. The ? or r; :.v,Aesi im piece is bxi- 
dized, releasing electrons. The iron ' , a t • brrbde. Ship hulls 

are protected ir. this Fashion. Large Hock- oi zinc letal are bdlted 
to the steel hulls. The zinc oxidizes, largely prevei.tirig Idss df irdn 
from 'he hull. 

Authors tiescribe physical cbhtexts in ;;everal ways, usirig phdtdgraphs, 
maps, diagrams, etc. 

3. 71?? hisforiral ft; We defined the historical cbmpbhc.it as the 
' urr frotal of information concerning the history of sciericp_and tech- 
nology, including relevant social and cultural considerations. This cb'h- 
ponent contributes to the histbrical "depth" with which the author 
endows his work. 

4. The '^bciocultural componehh This cbmporierit comprises the fbllbwirig 
elements that are situated bri the periphery of scieritific activity. 

• irifbrmatibri bri techriblbgical processes arid products arid their 
liriks with scierice; 

• the sdcial impact bf scierice arid techribLgy; 

• the ecdridmic arid pdlitical aspects bf scierice arid techridldgy; 

• ethical arid legal cdnsidCiiii'^^'^s; 

• irifbrri^atibri abblit careers in scierice arid techridldgy. 

The preserice bf a cdritext, dr rndre accurately df a "cdritextual web" de- 
perids bdth dn '^He aims di^ ^ierice teaching arid dri the authdr's inten- 
tions. This relatiai'^ship is e^Ti hasized by one df us (G.O.) speciacaliy in 
reference to the Cariadiah context, but the line of reasoning applies also 
to other aspects of ^he socibcultural content. 
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"One of the consequences of choosing hew goals for any enterprise 
is that, in the process, other goals, equally legittrhate in principle, 
ji o inevitably discarded In this case, goals cbhcerhed with the rele- 
vance of science to issues of personal, social, and national impor- 
tance were down-rated in favour of those concerned with the 
structure of the discipline/ And goals ernbddyinc such notions as 
the processes of inquiry' in particular trahscehd national bourid- 
a/les; they are essentially universal in their nature: Given a cornnnit- 
meht to such goals, references to Canada, Canadians, anu Canadian 
issues oecbrhe hot only uri necessary; they may even be dis^ 
from the overall diree n of the curriculum 

The existence of apa: tU v;iar context may also be jastified by -• 
ous pedagogical objectives Thbrrias Russell has tiiis to say abovi tht 
historical context: 

"Wfiy, then, do we teach the history of science? As noted earlier, 
arguments have been advanced oh two rnain fronts in the 
1955- 1^75 period. Sbrhe seek to improve student interest in and ap- 
preciation of sciehce; others seek to have stud(?nts understand the 
m Jthbds bf science/'® 

Contextual analysis bf a sciehce textbook, therefore, cannot be di- 
vorced from the aims fbr sciehce education prevailing at the time these 
textbooks are ih use. 



The difference between a school textbook and ahy bther prihted wcrk 
containing the same information lies ih its educatibhal purpose. A text 
book is a teachii.g tool. As such, it must therefbre ihcdrporate instruc- 
tionai strategies designed to create learhihg situations for students: 
these strategies usually take the fbllowihg forms: 

• questions included in the text with vafyihg style, frequency and 
placeme^it; 

• questions, exercises and p^cf ' :rhs of applicatibh, generally 
placed at the end of a chapter; 

• practical aciivifcies to be carried but ih Ine labbratb:y, outlined 
either in the textbook or in a separate labbratbry manti il; 

• less frequently, a series of projects to be uhdertakeh biit lu. ^h: 
school: 

These strategies are intended to make it possible for the studer 

the general aims of science education — the acquisitibh Oi .il 

knowledge, skills and a set of desirable attitudes 

Which strategies authors choose depend on their eiucatidhal 
ideals, their view of the world and of science in particular a- " their 
theories of teaching and learning. 
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Goals and Limit^Uohs ot the Textbook Analysis 

This analysis w..b intended to help us answer two questions: 

• to what extent do the content arid suggested activities of science 
textbooks eriabie studerits to reach the overall aims of science 
education? 

• to what extent tvce contemporary criticisms of science education 
tipplicabie to the textbooks currently in use? 

The selection of aims is based on the results of the analysis of ministry 
guidelines; For all provinces and territories the most common aims are 
those associated with science content, the acquisition of scientiBc skills 
and the development of an awareness of the relationship between 
science and society. Since we decided not to examine the science content 
cf courses or textbooks, it is not referred to here. The analysis followed 
the general aims of the study, focussing prirnarily on the context in 
which the science content is presented and on what students rhay learri 
Frorn this context. The selection of criticisrhs is based on those outlined 
in chript.'T I of this study. 

In suirimary, we selected the follbwirig airhs for ihalysis purposes: 

• . cquisitidh of scientiBc skills; 

i cHe sciehce-techriblbgy-society iriteractidri. 
Of the issues raised by criticisms of science educatidri we selected the 
follbwirig: 

• the Cariadiar^ c mtext of scierice education; 

• irilages of scierice coriveyed by textbooks; 

• attitudes towards careers in science and technology: 
Finally, an examination of the stated aims of textbooks enabled us 

to get a general — though still incomplete — idea of the educaiional pri- 
^^r:ties of anthors: 

Methodology 

The lextbbdk arialysi:; revolved around .1 . themes: the stated aims of 
•icicrice cextbooks, the acquisitiori of scientific skills, a growing under- 
standing of the interaction between science, techn -'ogy ami society, the 
Canadian context in science teaching, the image of scientific activity 
conveyed by science textbooks and the encouragement to pursue careers 
in science and engineering.* Appends. D contains original analytical 
sch*>mes for five of these themes. For the sixth, we used an instrument 
deveioped by M. Fuhrman, V. Lunetta, .5. Novick and P. lamir/*" 
wheret^V the prrcHcal .^cciyities spec'fied in the laboratory rhanual for 
students to undertake in labioratory clashes cen be classified according to 
their degree of complexity. These six analytical schemes were appraised 
y independent experts and tested before being used for the analysis 
itself. 



* The d'Ma collected concerning care'»i& v. 2Z insuitifient for u cbmplet " t n in this 
report, ^he relevant informatioi» aS therefore boe integrated with ot^ - analyses. 
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We used the results of the survey of science teachers to draw up a 
list of textbooks to be analyzed. Two criteria were used to select each 
textbook to be .inaiyzed: the number of teachers rrieritidriirig its use in 
their classes and the number of provinces in which it is used to a signifi- 
cant extent. Geographical arid liriguistic corisideratidns were also taken 
into account. Table VII.3 indicates the distribution of textbooks selected 
for analysis and Table Vn.4 provides a complete list. 



tabie Vii.a - Number a*i<i_Pjs^ribu^^^^^^^^ Analyzed, by Grade 

tevei. Subject and Language 

Gencrdi Physical Biology 
Sabjocl Science Sciences Ecology Chemisti 

EF EF EF EF 
l-aily Years 2 2 

Middle Years 3 0 2 2 4 -"^ 
Senior Years 5 0 5 1 
Nole: E. English, F: French ^ 



Physics Total 
E F E F 
2 2 
9 5 

7 1 13 2 



Table VII.4 - Textbooks Analyzed — 

Early Years 

01. LesChemwi, de la science, Vcri>*» N. Rtjtkfastle et a/:, translated and adaplod by 
Fcrnand 56gLiin, Editions du rtrbuveau pedagdgique, 1978 (vohiriie 5). 

OJ.. Ifs Ormms^f iflsriw?, Verne N. Rockcastje// flLtranslaled and a^^^^ by 
Fernarid Seguih, Editions du fenouveau pedagogique, 1978 (volume 6). 

03 Laidkw Explonn^ Science Pr(^Tam, Milo K. Blecha ef at, Doubleday Canada 
ttd:, 1977 (Ked Book, Grade 6). 

04. Space, rime. Energy, Maner {STEM}, Verne N. Ro^kraslle ei al, Addison- 
Wesley, 1977 (grade =). 



Miadle Years 

Biology 

1 1 ; Smlogical Sciences: An InVroduciory Study, WilHan'' Andrews ef pI, Pr'^raice-If^i^ 
1980. 

12. Biok^ie h^. Charles Desire ef al. Centre Educatif Iturel, 1968. 

13. te^ eM<i et leur .milieu, M. Poirier et al, Brault el Bbnthi'.lier 1^70: 

14. Focui n life S ience, CM. Keimler -nd J:D Lc^ ^ard; Cl.aric^ Merrill, 1977. 

15. focus on ScieK Exploring the Matu 'al World, Oc;;^ Gbugh arid Frank Flanagan, 
D.C. Heath, 1980. _ _ _ _ 

16. tntroducHori. a la. biologie:_persper.ive ecol-^iaue. Pai.l Thibeault et R: D'Aoust, 
Editibris Hurtubise HMH, 19:'0. 

17. life Science: A Problem Solving ApvroJcK Jos^^ph t: Cisrter el al. Ginn, 1974. 
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Table VII.'} - Cdnfihued froiti previous page 

Physical Scietice 

21; Z'xpWxng MaUer an(i Energy^ Milb K. Blecha ei al, Doublcday Canada, 1978. 

22. h.iJ^ohon aux sciences physi^uts,. U Haber-Schaim ei al. , transl atod and <idapted 
by J.M. Chevrier, Institut de recherches psychologjqaes, 1969; 

23. PKyiicdl Science: Ah Miroducfdry Study, William Andrews el ai, Prentice-Hall, 
1978. 

?A. Science physiques: Mafiere, .Mergie, inters.. noiV\ R R McNaughton andJ^iW; 
Ueafh;^fahslafcd and adapted by i bcrgcroh arid M. Mercure, Centre 
Educatif et Culturel, 1977. 

Genfrai Science 

31. Developing^cience Concepts in the Lahoratory, M.C. Schmid and M.T. Murphy, 
Prentice-Hall, 1979. 

32: bifro4ucih^ Science CdhceV^s in the Lahdrafory, M.C. Schmid arid M.T. Murphy, 
Preritice^Hall, 19'/ 7. 

33. Scienceways, (Blue Level), John McBejn e! a/., Copp Clark Pitman, 1979 
Senior Years 

4 1 . ^^ol^ical Scienee: A n f fo7£^(ffl/_ /^p/^rOflf ft (BSCS Green), B iological Sciences 
Ct'.rricuium Study, RanH McNa.ly, 1978. 

42. Biclo^y J:W: Kimball et at, AUdi: bri-Wesley, 1978. 

43. Modern U\ology, J.J. Otto and Albert towie. Holt, Rinehart & VVinston, 1969. 
44: Undenfandin^ tiling ^liings, John Reimer and W: Wilson; DC Heath, 1977. 

Chemistry 

V AlCHEM, Frank Jerikiris et a/., j.M. ? eSel, 1978. 

la. ^LCiiEKi EUttioe. Ethylene and Its Derivatives, Frank Jenkins et al., 
]:M: teBel, 1 '7P: 

5lb. Al CHEM Elective: Solar Energy, Solar Education for the 80's, Frarik Jerikiris 
tt ai, J.M. LeBel, 1980. 

5Z Ch 'Yriistry Touay, R.L. Whitman and E E ^inck, Prentice-Hali, 1976: 

53. Xlhemistry: ExperimehtaJ FcMtidaHons, Robert W. Parry et ai, Preritice-Hall, 1975. 

54. Chemistry: Experiments and Pt ''nciph:>, Paul R. O'Connor et a/., D.C. Heath, 1977. 

55. Elements de chirnie expertmentate, Rerie Lahaie it c;., Holt, Ririehart & Wiristbri, 
1976. 

56. keys to Chemistry, E. tedbetter and J: Yo*'*'^- Addison V,esley, 1977; 
Phys'.. 

61. Fundament ils / '^hysics, R.W. Heath et al, 0\C. Heath, 1979: 

62. h/iatter and Energy , J.H. MacLachlari et al., Clarke, Irwin, 1977. 

63. Physics (PSSQ, U. Habei-Svhaim et ai, D.C. Heath, 1, .5. 

64. Les sciences par objectifs compDrrmtnt: physiqire, te groupe SO2, Ediiibris du 
P :.JuVeaU Pedagbgirue; 1971. 
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the task examining^uch a large humber of textbooks, intended 
lor diit'rrcnt populations, irorh so mariy different viewpoints^ far sur- 
pass WVi* rapacity oF any single individual. For this reason. Council ap- 
P<Hni< J .1 fL^MV ot 18 science eJucatidn specialists vvho, following an 
Intensive tramiug pc rioU. examined the textbooks from April to June 
1982. The detailed technical rc-pdfts ot each analyst will be rearranged 
and published later. Chapter VIII offers a synthesis of the results. The 
analysis is descriptive — the researchers madt, no evaluative judge- 
ments Rather they raised a series oj^questions, uggested by the data, 
for disciissibn at the deliberative conferences. 
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VIIL Descriptive Analysis: 
Results 



This chapter provides a general view of certain features of the textbooks 
used in Canadian schools, arranged by the three teaching levels used in 
the study. It is not a compara':ive analysis, and the discussions and ques- 
tions are less concerned with individual books than with the group of 
the most frequently used science textbooks. 

The results are presented in tabular form in brd_er_t6 give the reader 
the primary data oh which our discussions are based. This format facili- 
tates reading of the data and ready idehtiBcatibh of trends. Each section 
of the analysis is accompanied by questions for deliberatibh. 

Table VII. 4 (see p. 94) lists tlie titles of the textbooks that were 
analyzed. To simplify the tables in this chapfrif, each book Is referred to 
by its code number, which is also used in both discussion and questions. 

Stated Aims of Science I'extbbpks 

Authors express their ihtehfibhs in varibus ways. Sbmetimes, these are 
addressed to the student, at other times tb the teacher. Sbihe are wbrded 
accbrdihg tb hbrrns fbr the cbhstructibh bf behavibural bbjec^ives, while 
bthers are worded very vaguely. Ir. order tb express this diversity clearly 
we have used the fbllbwirig symbols: 

X - the aiith jrs suggest one of more general aims in a given cate- 
gory; 

O - the authors suggest one or m:^re specific aims (generally in the 
form of a behavioural objective) in a given category; 

? - the authors indicate a partial, limited, or vague intention in a 
given category: 

The categories of airr.s corresrciid to those used elsjwhere in the study 
(see chapter V). Table VllLla-b shows a' ms stated by science textbook 
au'^hors, listed by textbook and categbi-3 of aim. 
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Table ViiUa - Aims of Science Textbooks _-_-3Z^ 

Early Ye ars jOO); Middle Years, Biology (10), Physical te ce-(20)^etjjci^^ 

Textbook code 01 02 03 04 11 13 14 15 l6 17 21 22 23 24 31 32 33 — - 

ace Content X X X \ X X X X X X X X X X X X X X 

Scientific SfctUw X X X X X X X X X X X X X X X X X 

Science anr: - 0 X X 0 X D X X X X X X X X X 

Nature of S. XX X ? 0 XX ? 0 X ? XX 

Personal Growth X X X X X X X XXX X X X X X 

Science-Related Attitudes XX X \ X X ? X 

Applied Scienu ind _ _ . ... 

Tcchnolngy 0 0 0 ? X X 0 0 

Career Opportunities X X \ X ? -_ — — 



ERIC 



Practically aii the textbooks contain aims associdied witfi the acqui- 
sition of science content and scientific process skills. This is not surpris- 
ing. With regard to these two categories at least, ministries of education 
and the authors of textbooks have the same aims. With regaiJ to the 
third category, ^^ ience and society/ 28 of the 34 textbooks in our sample 
itfj thi* .1* o(\f.' of their aims. Ministry guidelines — at least at t'^e n\id- 
dl. v.,is ,\[so contain aims j'elatihg to the interaction between 
science, tecHi^ology and society. Of the 14 textbooks intended for this 
level, 12 state aims belonging to this category. Interestingly, the two 
textbooks stating no science and society aims (textbooks 17 arid 22) con- 
tain ah emphasis oh the discovery of scientific cbricepts. Like other text- 
books of this kirid, such a context bfteri cbritairis very few or no 
messages other than those cdricerriirig the riature of scierice. 

The number of stated aims belorigirig to the fourth categbry, the 
nature of scierice arid the history of scierice arid techriolbgy, is also high; 
however, sbriie of these airiis are riot very clearly stated. Aims relating to 
\t <? histbry bl scierice albrie are very few, but the history of scierice is not 
necessarily igribfed when there is rid stated intention regarding it^ 

Accbrdirig tb their authors, scierice textbbbks are iriterided to cdri- 
tnbute tb the persbrial growth bf students. A few exaitiples illustrate the 
cbrifiderice arid bptiitiisrii of certairi authors in this area: The authors' in- 
teriiibris vary greatly, farigirig from the development of dei"^ocratic atti- 
tudes arid behaviour (61) to the development in students of ^ healtjiy 
scepticism that takes account of the opinions of others and encourages 
them to have confidence in their own views (02), thus buildirtg indepen- 
dence and self-confidence (56): 

Less than haif the textbooks contain aims relating to the students' 
attitudes towards science; These aims generally have to do with lhb.se 
characteristics that one would like to >ee students develop: ah interpst in 
science, excitement, stimulation and so on. In certain textbooks, how 
ever: the wording of aims in this category was puzzling: 

• to furnish a base for the development of positive values and a^ 
titudes vis-a-vis science in everyday life (03); 

• to develop a por.itive attitude towards science and a livo'y in- 
terest in its various aspects (21). 

Th'^ concern we felt is derived from ah impression of manipulation that 
appears implicit in the wording of these aims. Even wheh the authors of 
the second example develop their point with suggestions for students to 
participate in a young scientists' cluU or in scierice fairs, the idea bf a 
positive attitude towarUs science, and also t!ie means bf riieasuririg it, re- 
main far frbr clear. 

Textbook Mthbrs do hot gerieriiiiy regard thr study of appi:-c,i 
scierice and tecliriclbgy as beirig irripbrtarit. While che niajbnty bf phys- 
its arid cheriiis^ry texibojks raeritfbn /\ppiicatibris or scierice here and 
thtre, brily a few of theiti cbrisider ap;- >d ce and technology saf- 
firieritiv irnpbrtarit subject bf study io justify stating an aim for it. tn 
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table VjiUb- Aims of SeteM^ _ _ 

Senior Years, Biology (40), Ciiemistry |50), Physics (60) ^ — -- 

Textbook code 41 42 43 44 51 51a 51b 52 53 54 55 56 61 62 63 64 



X X X X X X X X X X X X X X X 0 

Scientific Skills/Processes XX XX X X X X X X X X X 0 

Science and Society X Xd XXXXXXXX X 

Nature of Science XX X ? X X X X X X X 0 

Personal Growth XX X X X X X X X X X 

Science-Related Attitudes XX XXX? 

Applied Science and 

lechnblogy 0 X X X 0 ? X 0 X X 0 ? 0 



fact, only A! CH£M (51) explicitly emphap^xes .1 .^••owing importance 
of the applied sciences: As well, two optional supplements ot the AL- 
CWfM program are concerned primarily with applied science: ethylene 
and its derivatives (51a), and solar energy (SlbJ. We also noted that aims 
in this category are worded in ways that almost always stress pure 
science and its applications, arid rarely the technological phehbmeria 
and their comprehension.. 

According to the authors of science trxtbddks, encouraging stu- 
derits to consider careers in science is riot an important aini either. Only 
a#few textbooks state this as a specific »nte»»tion andjtv^ shall explain 
later how this iriteritibri is translated into concrete terms; 

At first sight, therefore, the variety of aimsstated by science text- 
book authors shows the same diversity and optimism as ministry guide- 
lines. In this sense, the questions we as^^ed at the conclusion of that 
analysis (see chaj5ter V, p: 60) are still pertinent. However, examining 
textbooks enables as to get a better idea of authors' priprities. If brie 
looks at lists of behavioural objectives (the abundance of which, sirice 
the start of the 197bs, is truly astouriding), it is iriterestirig^to coriipare 
the number of aims relating to science content arid_scieritific processes 
with the number of aims iri other categories (see Table VIII.2). 



Table VIII,2 - Examples of the RelaUve Imporiance of Textbook Aims 

Texiboofe code riurnber 02 Z'L- 4 4^ — _ 55 

Number of aims relating to 

the- acquisition of content _ __ 

and RcienHfic processes 167 97 95 419 

V mber of aims relating to 
the social implications of - 
sciehtiBc and technological 

activity 5 31 5 



This still provides orily a partial picture. With respect to the total 
number of some authors appear riiore specific than others. More- 

over, the information arid activities desigried to give concrete e.rpression 
to the airiis relating to the interaction among sdence, techiiplop/ and so- 
ciety are situated, iri least three out of the five textbooks t^ken as ex- 
arriples, iri the very last chapters of the book. These chapters tend to be 
less systematically studied than the earlier ones. 

Although this study of the explicit ihtehtibris of science textbooks 
idoritifies their priorities, it furnishes billy a partial picture which the 
rest of this arialysis must supjplemerit. The aims are expressed in many 
'iffererii ways arid breaRirig up general aims into a number of very spe- 
. Ale behavioural objectives is a strong treiid. While the aims^hat relate 
; science cor tent and scientific processes seem to lend themselves to 
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such fragmentation, we may vveil ask ourselves whether those belong- 
ing to other categories, such -as the development of attitudes or values, 
are equally amenable to such a process, and, if so, how this can be done; 

Secondly, the intentions of the textbooks are addressed sometimes 
to teachers, sometimes to students and sometimes to both with no ap- 
parent reason for the difference: No doubt students and their parents 
would like to know the nature and extent of the preparations for later 

life that a particular textbook offers, 

Finally, as with the analysis of ministry guidelines, the issues raised 
by our discussion papers do not seem to be among the priorities of 
science textbook authors. The AteHEM program is one ejicceptidh. Its 
authors emphasize that it is in line with the recommendatibris of the Sy- 
mbhs Report concerning a eanadian context in science textbooks. How- 
ever, the point of view of the engineer, advocated by Donald George, is, 
for all practical purposes, absent from lextbbbks. Only textbook 21 
devotes a few pages to the engineer's art. Even it, however, defines engi- 
neering as follows: _ 

"Engineering is the changing of scientific discoveries into tech- 
nology. Or, to state it another way, it is putting science to use in 
making new things or providing hew services."^ ^_ 
Clearly, this textbook ranks the engineer belbw the scientist — a point 
of view which is implicit in the other textbboks we examined: The engi- 
neering perspective, however, is systematically dealt with in the book- 
lets of the ALCHEM program. __ _ _ 

Although the special needs of girls with regard to scientific training 
are rarely the subject of an authbr's stated intentions, textbooks have 
slowly but surely evolved tbwards eliminating the crudest sex sterep- 
types. This follows both ministry guidelines and publishers' own poli- 
cies.^'3 In general, illustrations are modified to show more girls or 
women, and, where possible, in nonstereotyped roles. Also, certain pas- 
sages amended tb take girls into account. For example, in the firsj 
edition of the PSSC i^ysics textbook, only boys jumped, spun around 
and rode in wagbhs tb illustrate the laws of dynamics. In the latest edi- 
tion, .girls are doing the same thing;* 

One physical science textbook (21) discusses scientific careers m 
detail. While the rest of this textbook depicts roughly equal numbers of 
boys arid girls in the illastrationf, those in the sectibri bri scientific ca- 
reers are almost all of men; On one hand, this riiay represent a reality — 
the uriderrepresentation of women in science arid technology^On the 
bther hand, it leads one to wonder about the impact of implicit messages 

cbriveyed by such illustrations. _ 

This examination of the stated aims of scierice textbooks needs to 
be cbriiplemented by a description of the riiearis provided by authors for 
achieving some of their aims. That is the subject of the next part of this 
report. 



102 



97 



Scientific Skills in the Laboratory 

The laboratory rnahual, or the section of the textbook that contiii.s in- 
structions for laboratory work, plays an important part in providing .^or 
aims relating to the acquisition of scientific process skilts The Vabbra- 
tory is the place where the student can acquire these skills, this s^:]'— «^ific 
know-how, by working directly with materials. 

We studied the kinds of tasks demanded of students in tl e ^ So\^- 
tory in order to determine what sort of skills a student rnirH* 
and to see to what extent the textbook was helping students in .i^ rt>- 
spect; We used an instrument developed by M. Fuhrman ef fl/.^, after 
consaiting a number of articles on the subject.^'^'S However, unlike the 
originators of this instrument, who systematically analyzed all tj s ex- 
periments suggested in one manual, we analyzed only those »^xp*"- 
ments usually carried out during a school year. The latter figure is oftc > 
much smaller than the former but it is more realistic. In order to con- 
struct an equivalent sampling of experiments eaCh analyst contacted a 
teacher who was using the manual in question; in sonrie cases, the ana- 
lysts obtained the number and names of the experiments actually com- 
pleted; in others, they only obtained the number and had to exercise 
their own judgement to construct the sample: Although we realized that 
two teachers using the same manual were not necessarily giving the 
same set of experiments, we also assumed that, if all the experiments In- 
volve similar tasks, similar conditions for developing the same skills 
would be provided. Otherwise, skills that are difFerent in kind or degree 
may be developed; in view of these difficulties, the results can at best 
only indicate trends; However, we consider that these trends are them- 
selves interesting: _ 

Table VIII.3a-e presents the results of our analysis of labbratory ac- 
tivities. Again a code number identifies each textbook (see Table VII.4). 
The figures in the table represent the percentage of experiments in 
which the task in question is demanded of the student at least once. 

Table VIII.3a - Structure and Task Analysis of Laboratory Work - Early 
Years too) - percentages 

Textbook code - d 0^ 03 04 

Number of experiments analyzed 

Structure 

a 4 High structure 
a, 2 Low sffucture 

a, 3 Inductive approach 
a;4 Deductive approach 

Cooperative mode 

b. l Students work on a common 

b.2 Students work on different 

tasks ind pool results 
b.3 Postiab discussion required 



49 



50 



38 



49 



76 
24 
82 
18 



88 
12 
84 
26 



97 
3 
87 
13 



98 
2 

98 
2 



18 



10 

0 



4 
14 



12 

0 
4 
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table VlllJa - continued from previbiii 

Textbook code 

Number oF cxpcrimehls analyzed 

Task categories 

LO Planning and Design 
11 Formulates a question or 

d^Bnes a problem to be 

investigated 

1.2 Predicts expenmental result 

1 . 3 Fprniu 1 a t cs h y pot hesi s to be 
tested in this investigation 

1.4 Designs bbscrvatidh or 
nrieasuremcnt procedure 

1:5 Designs experiment 

2.0 Ferforrnance 
2 la Carries out qualitative 

dbscfvation 

2. 1 b Carr ijes put qu a n t i t j 1 1 ye 

observation or measurement 

2.2 Manipulates- apparatus; 
develops technique 

2:3 Records result, describes 

observation 
2,4 Performs numeric calculation 
2:5 interprets, explains or makes a 

decision about experimental 

technique 

2:6 Works according to own 

design 

},0 Analysis and A''/^'jP'''?M^ori 
3:la Transforms result into 

standard form (other than 

gr_^_P^A) 

3.1b Graphs data 
3.2a Determines qualitative 

relationship 
3:2b Determines quantitative 

relation ship 

3.3 Det eon ines accuracy of 
exp_erimental data 

3.4 Defines or discusses the 
limitations or assumptions that 
underlie the experiment 

3.5 Formulates or proposes a 
generalizatibri or model 

3.6 Explains a relationship 

3.7 Fbrrnulates new questions or 
defines problem based upon 
the results of investigation 



02 03 04 



49 


__ SO 


38 


49 


d 


0 


0 


0 


22 


2 


i3 


14 


4 


18 


0 


0 


r» 


6 


b 


2 


2 


12 


d 


0 


90 


DO 




84 


34 


UTS 




18 


03 


OO 


13 


47 


33 


\% 




22 


2 


14 


5 


4 


14 


18 


3 


2 


2 


12 


d 


0 


4 


i 


13 


6 


2 


2 


0 


0 


82 


38 


61 


74 


21 


22 


18 


18 


d 


4 


0 


0 


4 


24 


0 


0 


8 


12 


16 


4 


25 


16 


50 


29 


0 


0 


0 


0 
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Table VIII3a-T-_co niiimed from previous page 

Textbook code 01 02 03 04 

Number of experiments analyzed 49 ^ - 3i5 49 



4.0 Appticafidn 

4.1 Predictsvbasedupo 

of this, investigation _ 8 12 26 27 

4.2 Fbriiiulates hypothesis based 
upon the results oF this 

investigation _ 2 34 B 0 

4.3 Applies experimental . 

technique to new problem or . _ _ 

variable 0 IS 3 0 



Table VIII.3b - Structure and Task AnaJy_sjs_of_taboralbry Work - Middle 
y^its, Biology (16) - percentages 



Textbook code 

Number fif experiments analyzed 


11 
20 


12 
18 


13 
49 


14 

107 


15 
18 


16 
19 


07 

2b 


Structure 
















a 1 


High structure 


idg 


83 


ibb 


94 


78 


79 


100 


J. 2 


Low structure 


0 


17 


0 


6 


22 


21 


_ Q 


a.3 


Inductive approach 


30 


b 


57 


95 


39 


21 


100 


a.4 


Deductive approach 


50 


100 


61 


5 


11 


79 


0 


Cooperative mode 
















b.l 


Students work on a 


















cbmmbh task arid pool 


















results 


0 


0 


0 


18 


6 


0 


0 


b:2 


Students woTk on 


















diftererit tasks arid 


















po*.-! results 


0 


0 


4 


0 


0 


0 


0 


b.3 


Pi>stlab discussion 


















required 


0 


0 


4 


2 


b 


b 


100 


Task categories 
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Planning and Dt.siyw. 
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Fbririulates a qiiestidri 
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to be investigated 
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0 
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20 


1.2 


Predicts experimental 


















result 


5 


0 


2 
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0 


5 


1.3 


Formula teshypothesis 


















to be tested in this 


















iriveStigatibri 
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11 
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Designs observation or 
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procedure 
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1.5 


Designs experiment 
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11 


12 


13 


14 


15 


16 


17 


20 


18 


49 


107 


18 


l9 


ZU 


75 


83 


80 


73 


lob 


9b 


75 


35 


0 


51 


26 


28 


47 


3d 


80 


33 


84 


47 


83 




05 


85 


67 


67 


26 


83 


11 


75 


30 


0 


22 


10 


0 


5 


Tin 


10 


0 


12 


36 


33 


5 


3b 


5 


0 


2 


b 


6 


U 




65 


44 


33 


15 


61 


42 


0 


5 


0 


8 


2 


d 


5 




50 


44 




29 


44 


53 


40 


25 


0 


14 


n 


0 


23 


3b 


0 


0 


0 


b 


b 


0 


0 


5 


0 


2 


3 


0 


5 


5 


10 


0 


0 


29 


17 


0 


10 


50 


22 


2 


37 


33 


5 


20 


0 


0 


0 


b 


b 


b 


d 



Textbook code 

isjumber of experiments analyzed 
2.0 Performance 

2. Id /i"^^**^^*^^ 
observation 

2.1b Carries oat 

quantitative 

observation or 

rneasurement 
2;2 Manipulates 

apparatus; develops 

technique 
2:3 Records result^ 

describes observation 

2.4 PcrForms numeric 
calcuiation 

2.5 Interprets, explains or 
makes a decision 
abo^ut experimental 
technique 

2.6 Works according to 
own design 

3.0 Analysis and 

InferpretaHon 
3.1a Tra_n_sf o rms re sul t i h to 

standard form (other 

than graphs) 

3 lb Graphs data 

3.2a Determines qualitative 

relationship 
3.2b Determines 

quantitative 

relationship 
3 3 !5et er rri I ii es^ a ecu ra cy 

of experimental data 

3.4 Defines or discusses 
the limitations or 
assumptions that 

underlie the 
experiment 

3.5 Formulates or 
proposes a 
generalization or 
model - - 

3-6 Explains a relationship 
3.7 Forntuiates new 

questions or defines ^ 

problem based upon 

the results of 

investigation 
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table VlIL3b - continued from previous page — 
textbook code 11 12 13 14 15 16 17 
Number of experiments analyzed 20 18 49 107 18 19 20 

4.6 Application 

4.1 Predicts based upon 

the results^ of this _ __ _ __ 

investigaH6n 40 0 0 7 33 0 20 

4:2 Formulates hypothesis 

based iipuh the results - - _ . .. 

of this investigation 15 0 4 36 50 0 25 

4:3 Applies experimental 

technique to new _ 

problem or variable 15 0 10 1 6 0 10 



Table Vin.3c - Strucfure and Task Analysis of Laboratory Work - Middle 
Years, Physical Sciences (20) and General Science (30) - 

' percentages 

Textbook cod e"-- _21 _ 22 23 ^2^ Jl 32 33 

Number of experiments analyzed 24 43 24 2 2 58 _ 33 18 

Structure 

a.l High structure 
a:2 tow structure 
a. 3 Inductive approach 

a. 4 Deductive approach 

Cbbperative mode 

b. l Student^ work pn a 

common task and pool 

results 
b.2 Studerits work on 

different tasks and 

pool, results 
b.3 Pbstlab discussion 

required 

Task categories ■ — 

1.0 Planning and Design 

1 .1 FormuUtes. a_ question 
or defines a problem 
to be investigated 

1.2 " Predicts experimental 

result 

1.3 Fbrihulates hypothesis 
tp.^e Jested in this 
investigation 

1.4 — Designs oV»SefVation or 
^ measurement 

procedure 0 5 13 0 0 3^ 17 

1:5 Designs experiment 4 0 0 0 0 0 6 



100 


86 


100 


0 


100 


100 


72 


p 


14 


0 


0 


0 


0 


28 


25 


70 


42 


95 


98 


__Q 


39 


75 


30 


42 


0 


2 


100 


17 


0 


16 


17 


0 


16 


6 


0 


b 


2 


0 


0 


0 


3 


0 


8 


2 


38 




0 


0 


0 


0 


0 


0 


0 


0 


0 


39 


0 


21 


13 


0 


5 


12 


6 


d 


7 


4 


5 


0 


0 


6 



107 



21 


22 


23 


24 


31 


32 


33 


24 


43 - 


24 






33 


18 


92 


67 


42 


100 


85 


91 


56 


4 


72 


58 


64 


52 


49 


56 


46 


91 


79 


27 


85 


88 


95 


21 


40 


92 


ibb 


98 


91 


89 


4 


42 


38 


50 


36 


6 


17 


b 


26 


13 


5 


85 


9 


17 


0 


2 


4 


0 


0 


0 


11 



Tex tbooR code 

Nhimber of experiments analyzed 

2.0 Perfomame 

2.1 a Carries out qualitative 

obsen^ation 
2,1b Carries Out 
quantitative 
ob.serva t ion or 
measurement 

2.2 Manipulates 
apparatus; develops 
technique 

2.3 Records result, 
describes observation 

2.4 Performs numeric 
calculation 

2.5 interprets, explains or 
makes a decision 
about experimental 
technique 

2.6 Works according to 
own design 

S.O Anatysis_and 

InterpretaHon 
3.ia Transforms result into 

standard form (other 

than graphs) 
3.1b Graphs data 
3:2a Determines qualitative 

relationship 
3.2b Determines 

qtaanytat|ye ^ 48 36 39 

relationship _ ^ do 

3.3 Det^ermihes accuracy « ri 5 0 0 0 
of experimental data 0 7 ^ ^ 

3.4 Defines or discusses 
the limitations ox 
assumptions that 

und^e the - ^ 8 50 0 3 44 

expenment u :r « 

3.5 Fbrrriuiates or 

proposes a _ _ _ 

molef 4 ,4 8 27 93 9 17 

3.6 ExplLs a relationship 25 2l 29 36 40 52 6 
3:7 Formulates new 

questions or .defines^ 
prdbleitt based upon 

thej;esultsof n 2 0 36 2 0 0 

investigation 0 ^ ^ 



17 


2 


17 


_5 


31 


6 


72 


4 


7 


29 


18 


5 


6 


ii 


42 


54 


25 


100 


74 


79 


11 
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108 



Tabic VIII.3C - continued from previous page 



Textbook code 21 ^ 22 23 2A n 32 33 

Number of experiments analyzed 24 43 24 22 58 33 18 

4:0 Apphration 

4.1 Predicts based upbri 
the results of this 

Investigation 4 5 4 64 95 73 33 

4.2 Formulates hypothesis 
based upon the results 

of this investigation 0 7 4 41 0 3 17 



4.3 Applies experirnehtal 
techhicj^ue to hew 
problem or variabie 0 2 0 9 0 18 



Table VIII;3d - Structure and Task Analysis of Laboratory Work - Senior 
Years, Chemistry (50) - percentages _ 

Textbook code 51 52 53 54 55 56 

Number of experiments analyzed- - II 14 19 23 24 ^ 

Structure 



a.l High :structure 


100 


100 


95 


78 


96 


87 


a. 2 Low structure 


0 


0 


5 


22 


4 


16 


a;3 Inductive approach 


9 


93 


58 


83 


21 


58 


a. 4 Deductive approach 


36 


7 


47 


17 


91 


48 


Cooperative mode 














b.l Students work oh a 














common task and pool 














results 


d 


d 


11 


9 


0 


0 


b.2 Students v/ork on- 














different tasks and 














pool results 


0 


7 


21 


0 


0 


3 


b 3 Postlab discassion 














required 


9 


93 


too 


57 


4 


6 


Task categories 














1.0 Ptauning ari^ Design 














1 . i Formulates a question 














or defines a problem 














to be investigated 


0 


6 


6 


d 


b 


b 


1.2 Predicts experirnehtal 














result 


36 


7 


5 




0 


3 


1.3 Formulates hypothesis 














to be tested in this 














investigation 


0 


0 


0 


4 


0 


0 


i:4 Designs observation or 














measurement 














procedure 


0 


■ 0 


0 


13 


4 


13 


1.5 Designs experiment 


0 


' b 


d 


4 


d 


d 
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Table VIIL3d - cbiiHriued frdrii- previo us pa ge 



Textbook code 


51 


52 


53 


54 


55 


56 


Number of expeiinlehts analyzed 


11 


14 


i9 


23 


24 


3i 




Eerformance 














2.1a 


Carries but qualitative 


-- 














observation 


91 


64 


79 


100 


83 


84 


Z< 1 D 


Carries ocit 
quantitative 
observation or 
















m ea su rernc n t 


55 


43 


63 


57 


58 


55 


2.2 


\A <i ri i ri O I <i t p 1^ 

1 VI (J 1 1 1 L/ U 1 (J * L 9 
















appuiaiuSr UcVclLipa 








__ 




84 




technique 


91 


86 


68 


70 


79 


2:3 


Records result. 
















describes observation 


73 


93 


90 


96 


92 


ibd 


2.4 


Performs numeric 
















/'AlfiilnHnn 

C All. U Itl I' 11^ 1 • 


36 


43 


42 


39 


25 


19 




makes a decision 
















about experimental 












16 




f pr*h niflfip 

I CL, 1111 1^ M C 


9 


50 


21 


48 


8 


_ __ 
2.6 


Works according to 
















DiA/n cipci^n 


d 


0 


0 


9 


4 


16 


J Q 


TrtferprelaHori 














3;la 


Transfont^s result into 
















cfArirfs^ff f{\m\ fotner 










63 






than graphs) 


36 


43 


zi 


22 


3.1b 


Graphs data 


0 


14 


11 


9 


13 


16 


3.2a 


Detennines qualitative 








44 


58 


68 




relationship 


27 


21 


42 


3;2b 


Deterroines 
















quantitative 
relationship 


18 


50 


42 


44 


58 


16 


3.3 


Det errni n^s_ acc uracy 






zo 










of experimental data 


d 


29 


A 
H 


Q 


3 


3.4 


Defines or disctisses 
limitations or 
assumptions that 
















underlie the 










0 






experiitient 


0 


7 


5 


17 


3 


3.5 


Formulates or 
proposes a 
















gehefaliz^tion or 
model 










25 






9 


21 


' 21 


52 


29 


3.6 


Explains a relationship 


18 


7 


53 


35 


13 


29 


3.7 


Formulates new- 
questibhs br defines 
problem based upon 
the results of 
















investigation 


d 


21 


0 


17 


0 


3 


4:0 


ApplicaHon 














4.1 


Predicts based upon 
















the results of this 










38 


29 




investigation 


18 


50 


37 


44 
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Table VII1.3d - cbhliriiied from previous page 

Textbook code 51_ 52 53 54 55 56 

Number of experimehfs analyzed 11 14 19 23 24 31 

4.2 Fbnhulates hypothesis 
based upon the results 

of this Investigation d 7 26 9 8 26 

4.3 Applies experimental 

technique to hew _____ 
problem or variable 0 14 5 17 . 0 10 



Table VIII.3e - Stracture aad task _Anal>Lsis o_ LaboraJbry Wbrk - Senior 

_ Years,: Biotogy (40) and Physics (60) - perce ntage s 

Textbook code 41 42 - — 44 6t 62 63 64 

Number of experiments analyzed 24 20 67 27 58 60 25 21 

Structure 

a.l High structure lOO 100 98 89 100 lOO 100 0 

a:2 Low structure 0 0 _7 11 _0 _q 0 p 

a. 3 Inductive approach 96 30 39 7S 98 93 0 57 
a:4 Deductive approach 4 70 61 44 2 15 iOO 15 

Cooperative mode 

b. l Students work on a 

common task and pool 

results 29 10 6 30 2 3 0 0 

b.2 Students work on_ 
different tasks and 

pool results 8 0 Oil 0 0 0 S 

b.3 Postlab discussion 

required 83 0 0 26 0 0 16 0 

Task categories 
J.O Plannir^ and Design 
1 1 Hortnulates a question 
or defines a problem 

to be investigated 4 0 015 0 0 0 0 

1:2 Predicts experimental 

result 1300 26 20 68 0 

1 . 3 Hprmu la tes h ypblhesis 
to be tested in this 

investigation 33 00410040 

1.4 Designs observation or 
m e a sur em e n t 

procedure 8 0 0 37 0 2 4 0 

1.5 Designs experiment 8 0 0 15 6 0 0 5 

2.0 Performance 

2.1a Carries but qualitative 

bbservatibh 75 90 79 85 72 53 16 100 

2.1b Carries out 

quantitative 

bbservatibp or 

measurement 46 60 21 59 52 65 84 81 
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Table VIII 3e - 

Textbook code 



41 


42 


43 


44 


61 


62 


63 


64 


24 


20 


67 


27 


58 


60 


25 


21 


71 


85 


81 


63 


100 


100 


92 


100 


79 


80 


85 


74 


100 


100 


96 


lod 


33 


30 




52 


48 


37 


76 


76 


58 


10 


15 


59 


5 


2 


28 


38 


8 


0 


3 


19 


0 


0 


0 


5 


29 


60 


69 


33 


i 

Li 


Q 


72 


62 


25 




"C 


16 


16 


id 


36 


38 


67 


75 


25 


82 


55 


50 


36 


100 


42 


50 


22 


52 


38 


50 


80 


71 
















24 


0 


5 


0 


15 


10 


5 


12 


58 


10 


2 


59 


9 


7 


24 


24 


50 


40 


12 


37 


38 


52 


44 


38 


88 


45 


45 


78 


17 


23 


44 


62 



2:2 Manipulates 

apparatus; develops 
technique 

2.3 Records, result 

describes observation 

2.4 Pcrfbrms numeric 
cdjculation 

2.5 Interprets, explains or 
makes a decision 
about experimental 
technique 

2.6 Works according to 
own design 

InierpretaHon 
3.1a Trahsfbrros result into 
st^andard form (other 

than graphs) 
3.1b Graphs data 
3.2a Petermincs qualitative 

relationship 
3.2b Deterrriiries 

quantitative 

relationship 
3.3 Determines accuracy 

of experimental data 
3:4 Defines or discusses 

limitations or . 

assumptions that 

underlie the 

experiment 

3.5 Formulates or 
proposes a 
generalization or 
model 

3.6 Explains a relationship 

3.7 Fprrnulatcs new 
questions or defines 
problem based upon 

the results of ,i 5 b 15 0 2 52 0 

investigation 21 5 0 10 ^ ^ 

4.0 Application 

4.1 Predicts based upon 

the results of this ^8 40 14 

investigation 67 3U o 4^ ^4 

4.2 Formulates hypothesis 

based upon the results ^ aa n ^ 4 19 

of this investj^atioft 92 0 3 44 ^ ^ 

4.3 Applies experimental 
technique to new 
problem or variable 
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The data in Table V1I1.3 point to two sets of conclasio?TS The first 
set concerns the structure of the laboratory exercises: The figures show 
that laboratory exercises ar^ almost always highly structured In both 
the middle and senior years, in only one instance (aat of 28) does the 
proportion of relatively less-structured experimerits exceed 25 per cent 
of the total. Of the 28 textbooks examined, 18 contain experiments, 95 
per cent of which are highly structured, A farther question concerns the 
approach chosen for the experiments: Are students encouraged to make 
gerieralizatidris from the Information collected (the inductive approach) 
or must they verify laws previously learned in class (the deductive ap- 
proach)? While the inductive approach is more popular for the early 
years (for obvious reasons), this is not the case in the later years. Arid, 
while most textbooks suggest both appfroaches, some of them clearly fa- 
vour one or the other, in terms of the aims chosen for scierice educatibri, 
one approach may be more appropriate than the other. The question 
then is whether this affects the choice of textbooks. Firially, at all three 
levels, students are neither frequently hbr strongly ericduraged to work 
together during laboratory work or to share results. 

The second set of conclusions relates to what students really do in 
the laboratory, assuming that both teachers and studerits follow the di- 
rections in the laboratory manuals. It is striking to ridte that out of 32 
textbooks examined, 28 of them never ask the student to formujate a 
question or define a problem to be solved, arid the studeiit is only rarely 
asked to plan the observation or measurerilerit pfocedare, to determine 
the accuracy of the results, and everi more rarely to plan the experiment. 
Only three books in our sariiple cbritain such directions. On the other 
hand, sjudehts are very bfteri asked to observe, to use; apparatus or ap- 
ply techniques, tb establish relationships and to compile the results^^In 
the sehibr years, they are asked somewhat more often to explain rela- 
tionships arid formulas or to suggest a generalization or model, but even 
then, this rarely occurs in more than hatf the experiments^ Mbreover, 
studerits are seldom invited to make predictions from the results bf the 
irivestigatiori in more than half the^ total number of expeririierits we ex- 
amined. Finally, students have almost no opportunity tb apply the ex- 
perimental technique in the case of a hew problem br a riew variable. 

Having said this, a few additional details will help tb clarify these 
cbriclusions. Firstly, the instrument we used was applied tb the arialysis 
of laboratory manuals by 18 different individuals. Although these 
analysts were trained in the use of the iristruriierit arid performed their ^ 
analyses very carefully, one cannot assume the iristrument to be com- 
pletely reliable. However, the differences iri iriterpretirig statements in 
order to classify them were small enough that we cari have confidence in 
the quality of the results. For example, the differences related to predic- 
tions and hypotheses that could ribt easily be assigned wjth complete 
certainty to one or another bf the categories. Secondly^we expected that 
the vague wbrdirig bf sbriie iristructiOris in the laboratory manuals 
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. would complicate the analyses; Thjs question was raised by Lunetta arid 
Tariiir,'^' citirig the ambiguity of the following questibh from the PSSC 
Plw^ic^ Lahorafory Manmh 

"Could you make a iens' that would focus rollirig balls?"^^ 
Fbrturiately. this sort of problem hardly ever arose. Generally speaking^ 
the instructions for ihe laboratory oper^ioris are clearly drafted and 
easy to understand Incidentally, subsequerit editions of the PSSC 
Labormry Manual have been.revised arid this questidri no longer appears: 
This suggests to us another reason for interpreting th« conclusions cau- 
tiously ; The multiple revisions that scierice textbooks undergo some- 
times take the form^of omitting certain experiments and/or adding new 
ones: Highly comptex tasks may thus replace quite simple ones^ How- 
ever, the opposite may also occur. Finally, the various ways teachers se- 
lect a specific number of expeririierits for the year from among those 
recommended by the ^thors will jargely determine the nature, com- 
plexity and variety of the tasks that will be set foj- sjudents. For certain 
textbooks, a different sariipling from the one reported in T>ble V1II,3 
might have produced a more or lessLfavourable picture. The latitude 
given to teachers 16 choose from amo^te a large experimerits 
plays a role that should be examined iH^re thorbu^^^ 

We conclude, then, by raising some qSestidris based bri_ the infor- 
mation derived frbrii the laboratory manuals. All ministries of edUcatibri 
include in their guidelines (for all levels of schooling) aims cbricerriirig 
the develbpriierit of scientific process skills. At the end of our analysis of 
these guidelines, we emphasized jhat all the scientific skills (observing, 
V statirig hypotheses, verifying experimentally, etc.^appear fegulafly at 
\all levels. But most of the textbooks chiefly prbvide opportunities f of 
cleveldping only the more elementary skills. Should the w^rdfhg of the 
guidelines be more modest, or should labbratbry tasks be designed with 
a view to developing all the desired skills, iricludirig the high-level one^? 
In selecting textbooks, dp teachers pay sUfficierit attention to thevaflety 
and adequacy of the tasks that studerits are expecled to perjorm in the 
laboratory? In planning their ihstructibri, are teachers taking this into 
consideration? Should authors bf textbooks suggest such a large number 
of experiments to teachers withbUt informing them of the consequences 

of the choices they riiUst make? J • 

Let us now consider the category of aims relatmg to the nature of 
science. Can a studerit, wbfkirig in a narrowly circUmscribed way, fol- 
lowing "recipes" iri the textbook, not sharing results and planning vir- 
tually nothing bf ari dfiginal nature, really be ac^irin^^ a cbricept of 
^"science cbi^sistent with that proposed in the guidelines? 

Hughls^Uriby iri his discussion paper. What is Scienhfic TTiintini?, ad- 
vocates teaching science for the sake of stimulating iritellectUal iride- 
periderice. If this is a desirable goal for science education, are the 
iristructidris in laboratory guides adequate? 
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These are all questidris which arise from oar data regarding labora- 
tbry manuals. In real life, however, acquiring a skill is more complicated 
than merely following instructions. Ultimately, the teacher must impart 
a fuller meaning to iaboratory work. All laboratory 
manuals help teachers develop the set of scientific skills called for in 
mitiistry guideline^. 

In this '-itudy, wc have avoided comparing individual textbooks and 
recommending one over another, for one important reason. We cannot 
claim, on the basis of the methodology we have used, that alljhe differ- 
ences observed between different textbooks are truly significant. Our 
purpose was to identify trends to inform discussiohs_abput future direc- 
tions in science education, and this has been done. To illustrate the dif- 
ficulty of bringing out significant differences between Various 
textbooks. Table Vin.4 compares selected data collected by Tamir,' 
fcunetta et al for three senior-years textbooks with bur own findings. 
Two factors are obvious. Firstly, the particular sample of exjjeriments 
selected can substantially affect the variety, and level of the tasks de- 
manded of students. Secon'dly, some of the differences may also be due 
to something other than the sampling; in particular, some analysts took, 
account of instructions appearing in the teacher's book, whereas Tamir, 
Lunetta et al. cdhfihed themselves to instructions given to students. 



fable Vin.4 - Slracture and Task Analysis of Ujwratbry WoA^^ 

with4he Results of Tamir and Lunetta - Senior Years, Physics 
and Chemistry - perceriUgcft 



Textbook Code —J62 O'Q nnor* 54 Parry" 53 
Number of experiments " ^ _ _ 

analyzed 47 25 46 . _ 23 . 1?L 

Structure 

a:3 Inductive approach 0 0 95.7 83 0.0 58 

a. 4 Deductive approach 0 100 28.3 17 12.8 47 

Cooperative mode 

b. 2 Students work on 

different tasks arid - - <> 

pool results 2.1 0 2:2 0 5.1 21 

b:3 PostUb discussion 

required - ' 0.0 16 0.0 57 2.6 100 

Task Categories 

1.0 Plaririing und Design 

1 - 1 PpiT^y 1^ tes a question 

or deBnes _a problem ' ~ ^ 

to be investigated 0.0 0 0.0 0 0.0 0 

1.2 Predicts experimental 

result 14.9 68 8.7 4 10.3 5 

1.3 Formulates hypothesis 
to be tested in this 

irivestigatioh 0.0 4 0.0 4 0.0- 0 
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Table VIII.4 - cbnlinucd from previouS_pagc^ 

' CHEMSludy CHEMSiudy 
textbook Code PSSC* 63 O'Connor* 54 Parry* 53 

Number of experiments 
arialyzed 

1.4 Designs observation or 

measurement 

jjrocedure ' 
1:5 Designs experiment 

2.0 Ferformdnce 

2.2 Manij?uUtes 

apparatus; develops 
technique 

2.3 Records result, 
describes observation 

2.6 Works according to 
own design 

3.0 Anaiysis and InterpretaHon 
3. la Transforms result into 

standard form (other 

than graphs) 
3.1b Graphs data 
3 2a Determines qualitative 

relationship 
3.2b Determines 

quantitative 

teiationship 
3.3 Determines accuracy 

of exjjerimehtal dita 
3 4 Defines or discusses 

limitations or 

assumptions that 

underlie the 

experiment 

3.5 Formulates or 
proposes a 
generalization or 
model 

3.6 Explains a relationship 53.2 

4.0 ApplicqHon 

4.1 Predicts based upon 

the results of this 

investigation , 23 ^ 40 15.2 44 28.2 37 

4.2 Formulates hypothesis 
based upon the results 

of this investigation 23.4 J ^'f_^.^Z 



47 


25 


46 - 


23 


39 


19 


2:1 


4 


8.7 




7.7 


0 


2.1 


0 


8:7 


4 


5.1 


b 


97.9 


92 


95.7 


70 


97:4 


68 


97.9 


96 


89:1 


96 


79.5 


9b 


0:0 


0 


15.2 


9 


2.6 




53.2 


72 


56:4 


22 


4.3 


21 


34.0 


36 


13.0 


9 


15.4 


11 


93.6 


36 


71.7 


44 


84.6 


42 


74.5 


80 


5o:o 


44 


35.9 


42 


234 


12 


11.4 


4 


20.5 


26 




24 


2.2 


17 


17.9 


5 


34.0 


44 


65 


52 


10.3 


21 


53.2 


44 


50.0 


35 


46:2 


53 



-^Source: Tamir and V, LUneha. ^^quig Re^ ic^^'^'nn 477^484 
Laboratory Handbooks/^ Science Educahon , 1981, vol . 65, no. 5, pp.^// ^o^ - 
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Table V111.5a - Number and Types ol Messages inviiing swaems lo use men lumn.cuge 

Middle Years, Biology (10), Physical SclenceOOj, (5«neilSj:ienccj30)^ _ 

Textbookcode Oi/W 02 04 u 'lz 13 14 "l5__ Jl__ 22 j3_^_24 31^ J2_J3_ 



Reflection 



Direct action n o n n 

home 0 10 5 9 2 0 10 10 1 

co«iy 0 2 0 1 2 0 0 0 0 4 0 0 0 0 1 0 0 

»" '™ 0 1 0 0 0 0 0 0 6 i 0 0 1 2 0 0 i 

«fi » « ° ' » ° ° ° ° 

i 2 1 0 0 0 0 2 0 0 0 0 1 0 1 0 3 

0 0 0 2 0 0 0 1 0 0 0 0 6 16 0 0 6 

0 10 1 0 122 b 0 0 1 0 0 1 6 2 0 1 

coS^nily 2 5 0 1 0 > 0.:-0.. 0 2 1 0 0 _ J^__ 6 _ 2._ J_ 1- 



Total 



j_ , j i 12 11 27 0 4 2 5 0 0_U— 22 10 i 15 



Hi 



;er|c 



H 

OO 



mm . » and TP of Messages Invi^^ Students to Use their Knowledge of Science and Technology - Senior Years; 



Textbook code 



community 



ERIC 



A\ 42 43—44 _ 51 51a 51b 52 53 54 55 56 61 62-- i3 - J4 



Direct action - - - a a a n n n n t 

p 0 b b 0 0 0 0 0 0 1 ! 1 0 0 0 



i 0 0 0 0 0 d 0 0 0 I 1 0 0 0 0 



« i! 0 . 0 0 1 0 0 0 0 0 2 0 0 0 



community 0 0 0 4 0 0 0 

Reflection • . _ _ 

home. 18 1 0 2 0 0 1 



0 0 0 2 3 0 0 0 0 



0 0 0 0 0 22 1 0 0 
0 0 0 b d 0 0 1 0 0 5 5 0 P 0 0 



community 0 0 -0- 



jj 0 0 0 8 0 0 0 2 0 -JU^- 0 



Total - 22 1 0 1 8 0 0 2 9 ; j:^ JL JLJ— Li 
^ — 




Science-technology -Society Interaction 

To deternnine if the resources provided by the authors of science text^ 
books enable students to reach aims relating tojhe social impact_of 
science and technology, we collected the relevant messages and divided 
theS into four categories (see Appendix D): the application of knowl- 
edge category, the sbcipecbhdmic category, the political category and 
the scientific responsibility category: 

AppUcaHon of Knowledge . , 

These messages invite students to make use of their knowledge ot 
science and technology in ways beneficial to themselves or their cpm- 
munities. Table VIII.5a-b indicates the number and distribution of these 
messages. The suggested activities are divided into three types: direct 
action, gathering of ihformatibri and reflection; they are situated in three 

locations: school, home arid community: _ 

According to the irifbrmation given in this table, the authors of 
science textbbbks prbVide few or no activities involving the application 
of scientific br techriblbgical knowledge in society. Wheri such activities 
are present in quaritity (13, 24, 41^61, for example), they are mainly re- 
flective iri riature. The total number of invitations to direct action (60) 
constitutes abbut bne-fifth of the total number bf activities, and these 
are addressed chiefly to middle-years students. In general, students are 
asked tb cbriduct these activities at home and in the community rather 
than at schbbl. The activities tend to be individual rather than collective 
(this latter trait is not indicated in the table). Nbte also that seven of the 
riirie textbooks containing no messages abbut the ajjplication of knowl- 
edge do, nevertheless, contain ari aim cbriceming the interaction be- 
tween science, technology and society. . 

We have not attempted a systematic determination of the content 
of each message in this categbry. Hbwever, each analyst his picked out 
one or two examples of activities requested of the student. Out of 50 ex- 
amples, 27 concerri the environment or energy. _ 

Table VIILda^b preserits data concerning the messages in the other 
three categbries. Messages In the socioeconomic categbry irifbrrri stu- 
dents of the berieficial Or detrimental effects of scjence and technology 
on society at the riatiOrial and international levels^ The numbers and dis- 
tributibri bf messages are accompanied by: the berieficial br detrtmentrf 
character bf the effects (according to theauthbrs), whether or rwt therg 
is a discussibn and the context (national br iriterriational) in which the 
effect in question occ^urs: This latter irifbrmatibri is also available for the 
bther categories of messages. Messages belbrigirig to the poHtical cate- 
gbry have a bearing on the ways in which a society explojts scientific 
and technological knowledge tb solve national or intemationaLprQb- 
lems: The number of messages is accbmpanied by the number solu- 
tions deemed certain and the riumber considered doubtful. Finally, 
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fable VDtei - Number of Science-Technoiogy-Soclety MMsaies ln. 



Science (20) 



Textbook code . - 


01 


02 








Niiiiiber of messages 


e 

0 




Eeneficiaieiecis' 


i 


8 


Detriiiiental effects 


5 


10 


Discussion present 


3 




— _. — 

No discussion 


I 


I 




0 

w 


1 


inlemational context^ 


3 


17 








kit r 

Nomber of messages 


0 


C 
J 


Solution certain 


0 


4 


Solution doubtful 


A 


1 


iNanonai coniext 


0 

V 


jj 


International context'' 


0 


5 


,r.j." r 

RftpoiwiKliljf u/^wy 






Number of messages 


1 


10 


Ethical type 


i 


5 


Legal type 


5 


5 


National context 


0 


) 


International context'' 


1 


Id 



01 02 03 04 11 12 13 14 15 16 17 '21 -2 2 2 3 2 4 



5 18 9 5 a 2 13 4 15 9 S 2 0 2 13 



8 9 2 7 2 
5 3 10 



8 2 15 7 4 

5 2 0 2 1 

6 17 4 3 
2 0 0 0 0 7 3 6 5 2 



1 0 0 1 P _p 



1 2 4 



3 17 9 5 8 2 13 3 14 8 1 



1 
1 
2 
0 
1 
1 



6 4 5 0 6 4 17 



12 

5 0 

1 1 

16 1 



0 
1 
0 
1 



i 
0 
1 
2 



3 1 
0 0 



2 0 
4 0 



0 0 3 0 1 0 

1 1 0 r 5 0 



p 
0 
0 
0 



1 1 3/ 16 0 10 10 0 



D 0 1 0 0 

1 0 0 0 P 

d 0 0 0 0 

J 0 L__ 0 0 



» An effect may be considered simultaneously beneScial and detrimental. It is then counted in both categories; 
^ The context may occasionally show both characteristics and is then counted twice. ' 



12 
1 
3 

10 
4 

9 



1 3 0 2 1 



1 ■ i 



6 n 10 16 ' 3 25 8 33 11 7 5 D 5 15 



ERIC 



Table Vljlib - Kmieioi Science•Techno^ogy^Soc^ety Messages in. 



Siology (40), Chemistry (50), Physics (60) 



Ethical type 
Legal type 
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Textbook code 


M 


32 


33 


41 


42 


43 


44 


51 


52 


53 


54 


55 


56 


61 


63 


64 


SodMpmk C&lqoiy 






























2 


d 

- 


d 


Number of messages 


Q 

0 


4 


n 
11 




t7 
1/ 


\ 
J 


1 
i 




10 


4 




27 


6 


I 


Beneficial effects' 


8 


4 


3 


n 


16 


P 


d 


2 


3 


0 


0 


1 


1 


1 


1 


0 


0 ! 


pelrimental effects 


1 


0 


7 


12 


6 


3 


1 


1 


7 


4 


2 


26 


5 


4 


1 


0 


0 


Discussion present 


8 


1 


5 


17 


15 


0 


0 


p 


« A 

IP 


i 


2 


21 


1 


4 


1 


u 


n 
U 


No discussion 


0 


3 


5 


6 


2 


3 


1 


3 


0 


3 


0 


6 


5 


1 


1 


0 


0 


National context 


2 


1 


10 


12 


9 


3' 


1 


2 


0 


It 


0 


3 


1' 


1 


1 


d 


d 


Intpmationjl context^ 


8 


3 


1 


id 


8 


d 


d 


2 


10 


3 


2 


24 


5 


4 


1 


0 


0 


Number of messages 


1 


3 


11 


8 


6 


2 


1 


d 


3 


8 


3 


8 


4 


9 


4 


0 


0 


Solution certain 


1 


3 


7 


8 


3 


1 


1 


0 


2 


5 


0 


6 


4 


9 


3 


. 0 


0 


Solution dbiibtful 


0 


0 


4 


0 


3 


1 


0 


0 


1 


4 ' 


3 


2 


p 


d 


1 


,0 


0 


National context 


i 


d 


9 


4 


0 




1 


0 


1 


1' 


0 


0 


0 


1 




0 


0 


international cbiitext^ 


0 


3 


2 


4 


6 


1 


1 


0 


2 


7 


3 


8 


4 


8 


4 ' 


d 


d 


/(wpiHlifJf Cflfijojy 
Number of messages 


1 


0 


4 


8 


6 


0 


1 


0 


2 


2 


0 


11 


0 


2 


1 


0 


0 



1 0 

0 d 



3 8 6 0 0 0 2 2 0 



1 0 D 0 1 0 



1 0 4 4 2 0 1 0 



0 0 0 

1 0 0 



Intemationai context^ 1 0 0 4 5 0 0 0 1 2 0 



6 0 1 

5 0 1 

2 P i 

9 0 1 



1 0 
0 0 

d d 

J 1 



10 7 26 39 29 5 3 3__15 14 5 46 10 16 7 0 0 



IS 
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messages in the category of scientific respbhsibility deal with the ntoral 
and legal aspects of scientific and technological activity. 

The socioeconomic category contains the most niessages (55 per 
cent of the total), t^e political category follows (30 per cent) and the 
scientific respbhsibility category (IS per cent) contains the fewest^ With 
few exceptions, this pattern is true for every textbook. Three of the 32 
textbooks in the sample contain none of these messages and seven con- 
tain five or fewer. For the set of textbooks as a whole, the number of 
beneficial effects of science and technology recorded is equal to the 
number of detrimental ones. In this respect, we can distinguish three 
kinds of textbooks: those that are optimistic and for which the impact of 
science and technology is seen as more often beneficial than detrirhental 
(eight out of 32), thoft that are pessimistic and for which the perceived 
impact is more detrimental than beneficial (seven of 32) arid those that 
present an equal number of beneficial arid detrimental effects. In two- 
thirds of the cases, the beneficial or detrimental character of the effects is 
the subject of discussion and very few textbooks present effects without 
any discussioji. When science and technology are called Upon to solve 
societal problems, the solutions are seen as certain two times out of 
three and uncertain only once in three times. When the authors <io in- 
troduce rnatenal about scientific responsibility, they are r^ore apt to il- 
lustrate the moral rather than the legal aspect. They do either^ however, 
only rarely. Finally, the messages are presented generally in an_intema- 
tibhal br, at any rate, hbt specifically Canadian context. On some occa- 
sibhs, the cbiitext is clearly both Canadian and American. 

Counting the number of messages, however, provides only partial 
information. Possibly a. small number of very pertinent messages (relat- 
ing to the official guidelines) are more effective than a great many rries- 
sages of lesser interest. Our purpose at this point is hbt tb discuss the 
relevance or quality of the messages, even thbugh we recognize that 
such a discussion is essential. 

Socideconotnlc Category 

Some 230 messages of this category, taken from the 32 textbooks and 
two supplementary booklets, in which the good or bad cbhsequerices of 
science and technology for society were expressed, were divided into 
five major groups of varying size. One message is given tb represent 
each group and is accompanied by the number of messages contained in 
that group. 

Group A\ "Growth or progress resulting from science and techriblogy 
creates pollution, causes illness and disturbs the ecosystem." This group 
contains 98 messages, slightly fewer than half the total number of sbcio- 
economic messages. It includes nearly everythihg that has made head- 
lines daring the last 15 years: water, air and soil pbllUtibh; heavy-metal 
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poisoning; the problems due to the use of DDT and chemical fertilizers; 
and the destruction of the envirbhrhent as a result of mining activity, the 
construction of dams, Intensive agriculture and urbanization. 

Group B\ "Science and technology have created rnedicines and tech- 
niques for improving public health and combatting mjdnutr|tion.'' This 
group, the second in size, contains 55 inessages that appear primarily in 
biology textbooks. The consequences they describe are broadly benefi- 
cial: from pasteurization to the application of x-rays, from synthesizing 
new foods to genetic engineering. 

Group C: "Science and techhblbgy have created machines or processes to 
facilitate work or increase the wellbeing of the population ."This group 
cbhtaihs 27 messages, just bvei* 10 per cent of the ^otal number: They 
point to the improvement of living conditions niade possible by^ elec- 
tricity, ahti-pdllutibn devices and improved transportation methods. 
The beneficial effect of space exploration gets a single mention, as does 
: the introduction of data procecsjng: Only two messages deal with the 
benefits brought by telecommanications. 

Group D : "Science and technology have made possible the creation of 
beneficial new materials and new sources of energy." In this group 23 
messages mehtioh cheaper, more readily available synthetic materials to 
meet people's heeds. Students also learn about the asefalnesS'of nuclear 
and soiar energy. 

Group £: "Growth or progress resulting from science and technology en- 
tails the squandering of energy and resources and gives rise to problems 
of waste management." This group contains 20 messages. 

Group f: This last group contains seven messages, surnrharized as foi- 
lows: "science and technology, by their effects on society, are inducing 
people to conserve resources and energy, and to take action against 
pollution:" 

We shall confine ourselves here to a few comments on the results of 
this analysis. At first glance, according to textbook authors, pollution 
arid the waste of resources are the most jmportant consequences of 
science and technology: This conforms fairly well with the. temper of 
the times during the 197bs. According to our sample, the benefits of 
science and technology appear to come almost exclusively from niedical 
research: Finally, the effects of data processing and telecommuhicatibris, 
phenomena that are likely to change the society bf the 19805, are con- 
spicuous by their absence in the physics, general science arid physical 
science textbooks we have exarniried. . 

What is the message implied in this distributibri bf the social conse- 
quences of scientific and techriblbgical activity? What are its likely ef- 
fects on the development bf attitudes tbwards science and technology? 
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Pblitical Cqlegory - „ i 

What kinds of social problems can science and technology be called 
upon to solve? Our av.alysis discerned about 40, scattered throughout 
the 34 books examined. World hunger and diseases (about 30 messages) 
and, oddly enough, those created by science and technolojy such as poj- 
lutibri arid the need for new sources of eriergy Jabbut 30 rflessages) are 
meritibried most often The others to which scierice and technology can 
offer sblutions are qaltC: diverse: for example, weather prediction, pre- 
Veritidri bf natural disasters by the cbnstructibri bf models, purification 
bf dririking water: Each of these is meritibried bnly once in our sample. 

SciehHfic Responsibility . - 

The moral problems associated with science and technology and 
focussed upbri iri scierice textbooks are: personal attitudes tb pdllutxon 
and waste (abbut 10 messages, one-fifth of the total); questions con- 
cerriirig life iri society (such as the use of drugs), genetic erigineenng and 
gerietic cburisellirig (about seven messages); a Variety of other problems, 
each meritioried only once, such as the^decisibri to undertake mining op- 
erations, deforestation and Whaling. The legal problems assocUted with 
scientific and technological activity that are mentioned are agam thos^ 
concerning pollution and waste (about twb-thirds of the 20 messages). 

Before concluding, we must agairi utter a word of caution. Firstly, 
the textbooks containing mbst messages relating to the interaction ot 
science, technology and society db not necessarily offer the greatest va- 
riety of messages. Textbobk 55, fbr example, which contains 46 mes- 
sages, the largest number bf all the textbooks, concentrates aln^osj^ all of 
them in the last chapter (5 per cent of the book's pages) entitled Chem- 
istry, environment and pbUution:" Likewise, textbook 41's 39 messages 
are found in the last chapter, "Humans in the Web of Life" (6 per cent of 
the book's pages). Dbes this mean that it is essential to know everything 
that precedes this material in the textbook before being introduced to 
the sbcial effects of science and technology, or does it mean, rather tnat 
the place given these effects in the book refects the prionties ot the 
authbrs? interestingly, other textbooks Follow an opposite course. For 
exairiple, textbook 31 starts out as fpllbws: 

"In recent years you have probably heard a great deal about energy. 
You may have read about risirig fuel prices and further shortages of 
energy: You have beeri warned about an energy crisis and told to 

conserve energy."^^ . »u • 

In this textbook the chapter cbritaining most messages relating to the in- 
teraction between scierice, technology and society, "How Our Use of 
Energy Affects Our WbHd," is the tenth of 29 chapters, about 5 per cent 
of the book Hbwever, the trend towards introdudng a social perspec- 
tive into scierice textbbbks is fairly recent and, as we have just seen, this 
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process is being carried out in a variety of ways depending on the im- 
portance given to it by authors. 

Secondly, the number oF messages does hot truly reflect the impor- 
tance given by science textbook authors to the interactidn between 
science, tecHnblbgy and society. Very few of the messages are long or 
dbcurnehted as well as one might wish. In fact, most of them are short, 
call for discussibh or require additional information. About 200 rnes- 
sages but bf 230 occupy from one to 10 per cent of a chapter. Only text- 
bbbks 3l_ahd 42 offer messages occupying from 20 to 100 per cent of a 
thapter. Two bf these messages/ the longest: ones, deal with the rational 
utilization bf energy and the effects of science and technology on human 

ecblbgy- 

Furtheritidre, this say^ iittle directly aboatedocational practice. In- 
deed, even if teachers do use textbooks for preparing their lessbns, they 
may be inspired by certain parts of^ them to^ introduce a sbcial perspec- 
tive. However, our survey shows that the intrbductibn bf this perspec- 
tive is not a priority for the majority of teachers. 

We hav/e presented a somewhat sketchy picture of the interaction 
of science, technology and society In s.. ence textbpbks. We have de- 
scribed the aspects of this interaction that are mbst often mentioned in 
the textbooks and have shown khe spread that exists between textbooks 
in this regard: Generally speaking, on the basis of the number bf mes- 
sages, general science textbboks and biblbgy textbooks show more so- 
cial context than textbbbks bf the physical sciences. Some textbooks 
provide nb oppbrtunities for students to reach goals in this area; others 
prbvide very few. Given the prevailing ministry guidelines, it is ex- 
tremely difficult tb determine how much social context and of what kind 
is sufficient tb realize these aiitis. 



The Canadian Gohtext ; 
Table Vni.7a-c indicates the number, type and length of messages that 
make up the Canadian cbhtext in the science textbbbks examined. The 
analytical scheme (reproduced in Appendix D) was intended to enable 
us tb detenriihe the extent to which a jCanadian context is Present, this 
being defined as the total number of messages in a textbook that are 
uiiequiv3cally linked to the Canadian reality in all its aspects. The 
scheme vvas also intended to enable us to count the situations in which 
the Canadian context is Unnecessarily replaced by a foreign one. 

The messages were assigned to four categories: physical (geo- 
graphic), historical, sociocultural and foreign. In Table VIII. 7a-c, the 
number of messages is accompanied by the nurrwber bf suppbrtive 
photographs, illustrations or dia^ams and by the (apprbxiihatej num- 
ber of lines of text devoted to these messages. Each jpart bHhe table cbh- 
tains notes intended to pve details abbu. the data presented. 
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g xi^i:™ to ^ Canadian Context in Science Textbooks - EaflyY^rs (1; 

^ Years. Physical Science W General mmm 



n^mmm _ « , i 7 4 o 2 6 lov 12 is 

M number of messages % i \ \ \^ ^ ^ 

Total namberof lines 16 ' 

Total number of messages o ^ ^ ^ ? ? 0 2 0 2 



Photographs, illustralions, etc. u u « y h IS-i 0 IS-i 

Total number of lines o d 0 « 0^ 0 0 o _ 



^ . h 7 D 0 0 2 2 3()c 1 10 

Total number of messages 0 u / y „ . ^ ^ ^ ^ 

Photographs, fistrations, etc. O 0 0 0 ^ ^ . 

Total number of lines o 0 35 0 0 o ^ 

\_ ^ ...... 

^^Om : . ft H fl 2 0 4« 0 14 2 

Total number of messages n n 6 t 0 2 1 

Photophs,illustrationMtc; ^ - . «^ n 2 50^ 1 

Totatlmberof lines , -^^_±J_^Jt.^,l.^^.^L^ 



« Photo«raph8 of geolbral formations mostly.len in the Unit_ed States, ^ , . 

think about. The EnP edition retains the American flag, while the French edition replaces it with a Canadian nag. 



« Minimum. ■• 

^ Approximate. . . 

« Discussion of the adaptation of S;l; system to.Canada^ 
f Photograph of a nuclear power station in the United States. 
I Regular reference to North America rather-thaiifanada. 
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Table Vlll.7b - Number, Type andlenglh of Messages RJlatIng lo the Canadian Conlexl in Science Textbooks - Middle and Senior 
Years, Biology (10 U 40) „ 



taxtbookcode U 12 13 14 15 16 17 ^1 ^^^^ 



* Minimum. 
''Approximate. 

< The potato famine led to the Irish immigration to Canada in 1885 
^ Aii the photographs in this human biology textbbbic were 

* Canada overlooked as a world producer of wheat, 
f All the examples come.from th^Unlted-States. 
i Examples 



N ''.■D eyelopment of the Mcintosh apple in Canada. i^ ^^ 



29 2 51 3 15 12 0 8 3 1 35 

Photographs, illustrations, etc, ZO* 1 1^ 2 4 34 0 5 3 0 14^ 

Total number of lines m 3 120^ 4 26 70'^ 0 20^ 35^ 23 ^ 

HkimlOimm . _ _ 

Total number of messages ic o 0 0 2- 0 1 0 1^ 0 14 

Photo^aphs, illustrations, etc. 0 0 0 0 .2 0 0 0 0 0 6 

Total number of lines 4 0 0 0 18 0 2 0 29 0 



Total numberi messages 3 0 3 0 5 3 0 0 2 0 14 

Photographs, illustrations, etc, 0 0 1 1 1. 0 0 0 d 0 2 
Total number of lines 14 0 7 0 30^ 20^ 0 0 18 0 300^ 



8 0 2' ipf P id 2 17? 8 14« 1 

Photographs, illustrations, etc. 1 0 2 0 „ 7 1 7 2^ _i I 

40b (1 15^ 0 50^ 30^ lOO'' •300'' 40'' 
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^ Table Vllt7c - Nuibe, Type ind Ungth of Messages Reiafing to ihe Canadian Conlext in Sdp Texibodlts - Senior Yew, ehemislry 

00 



Texiboolc code 



51 51a Sib 52 S3 54 55 SS 61 62 - J3 64_ 



Total hiiihber of ine88a|es 
Photographs, illustrations, etc, 
Total liuinber of liiies 



total number cf messages 
Photographs, illustration's, etc: 
Total number of lines 



m 

Total number of messages 
Photographs, Illustrations, etc. 
Total number of lines 

hrti^ Cmki 

Total number of messages 0 
Photographs, illustrations, etc. 0 0 



Approximate. 



J The scientists nientioned are Gillespie and/or Bartlett. 
' All the examples are from the United States. 
LRiUhiirM. 
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0 


16 


2 


40C 


0 


0 


40b 


2 


300b 


70b 


D 


0 



0 1 0 11 id* 1 4 4 7 0 0 
1 0 1 3 0 4 2 4 0 0 
0 0 0 0 100b SQb 1 5 2db 30b p 0_ 



Er|c 5. 



the absence of Ganadian context in science textbooks used in 
Canada was noted in the Symons Report^^ and was the subject of a dis- 
cussion paper written by James Page.^^^ As the analysis of the guidelines 
in chapter 5 indicated, the presence of such a context is not, with rare 
exceptions, the subject of special mention in the science carriculaj 
Moreover, as the responses to the survey show (see volume II), the, 
teachers assign practically no importance to the acquisition of^an aware- 
ness of the practice of Science in Canada as an aim of science instruction. 
The presence of a Canadian context in science textbooks is clearly a 
rnatter fbyfleliberatibn. 

Th^xtbooks examined fall into two main categories (see Ta- 
ble Vni.7). The first comprises textbooks devoid ^^nadian context - 
those that, at worst, contain not a single message relating to the 
Canadian reality and, at best, only a few meagre geographical, historical 
or socibcultural references. All four te^tbdoks at the early-years level 
"(01, 02, 03 and 04), the, middle-years biology texts (12, 14 and 17), 
physical science books of the middle years (21, 22 and 23), chemistry 
textbooks of the senior years (53; 54 and 56) and biology and physics 
textbooks of the senior years (41, 42, 43, 63 and 64) fall into this group. 
These textbooks make up about 60 per cent of the sample examined. 
This category can be divided into two subcategories, The first contains 
the textbooks that have very little or no Canadian or foreign context (01, 
02, 03, 04, 12, 17, 21, 22, 23, 56, 63 and 64). In some, a few indications 
here or there betray their foreign origin and their adaptation to the 
Canadian market (for example, flags and other illustfatidns) The second 
subcategoiy shows a foreign context (in most cases a US context), where 
Canadian examples would also have been appfdpriate Here are a few 
examples of this subcategory cited by the analysts. 

T^jtbnok 14: _ 

''The metric system came into use in France in 1840. By 1878 its use 
had spread to Belgium, Greece, Spain, Germany, and Sweden. Jhe 
metric system has been legal in the United States since 1866."^* 
"Most people in the United States live in cities:"*^ 

T^tbook 41: Students learn here the course of the mortaUty rate in the 
United States during the twentieth century, the emigration and immi- 
gration rates in the United States front 1911 to 1940 and the population 
densities of Rhode Island and Maine, but nothing of a comparable^na- 
ture about their own country .^'^ The same textbook proposes a professor 
at the University of California at Berkejeyi^ as a career model, but hb- 
where does it refer to a Canadian scientist or university. 

Teithook 42: Here again the population statistics are given for the United 
States and the acid fain phenomenon does not seem to apply to 
Canada.^® 
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Textbook 43: The student leams the maximum quarttities of alcohol ihat 
US drivers mayTmbibe before driving.^* The percentage of racial lytJes 
are given for the United States (blacks and Whites), Sweden, Japaft, Ha- 
waii, China, the aborigines of Australia and the native people in North 
America, but not for Canadians-^'' 

Teilbook 53: 

"Imagine that a telegram is to be sent on a winter night from New 
York City to a rancher who lives near the top of a mountain in 
Nevada. 

"Over 20 million lbs: of aspirin, or about 155 5'grain tablets for ev- 
ery person, are manufactured each year in the United States 
alone:"^^ 

Textbook 54: 

"A dam such as the Hoover Dam on the Golorado River stores wa^ 
tef. It also can be said to store energy. Explain."^^ 

It is noteworthy that the French version of this textbook contains the 

fdlldwing exercise: 

"A dam such as the Manic 5 Dam on the Manicou.igan River stores 
*tvater. It also can be said to store energy. Explain."24 

Examination of the French versions of American textbooks showed 
that, in the majority of cases, translation had been accomganied by 
adaptation to take account more effectively of the Canadian reJlityand 
to eliminate obviously foreign references. In its French vfersidn, te?ct- 
book 54 would be more appropriately included in the first sU^cate^^^^ 
little Canadian or foreign context. We take this opportunity toen^ha-^ 
size the difficulty of assigning a textbook clearly to one category or 
another in the absence of definite criteria for determining Canadian con - 
* text, bo such criteria exist? If hbt, should some such criteria be 

established? _ 

The second category of textbooks (11, 13, 15, 16, 24, 31, 32, 33, 44, 
51, 52, 55, 61 and 62) contains a certain amount of Canadian context. 
This niay vary from one textbook to another and may be of varying im- 
portance, but it is there and students may learn a little, at least, about 
their own country. On the whole, these textbooks give many physical 
and geographical references: Some are frankly regional in tone and thus 
offer much information about British Columbia J31), Alberta (51 and 
supplements), Ontario (44) and Quebec (almost all the French-language 
textbooks are written or adapted for this province). The sociocaltural 
dimension is given less prominence than the physical, but more than the 
historical, which is the most neglected of the three The collection of 
messages constituting the Canadian cbhtext is very varied and difficult 
to summarize VVe shall try to illustrate this variety by giving a few ex- 
amples of the historical and socibcultUral dimensions. 
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As stated above, the history of science and technology in €anad^^^^ 
almost compLetely ignored by science textbooks Rutherfora's experi- 
ments at McGill University (1889-19g.^-afe of ten cited as an example oF 
Canadian science (textbooks 61 and 62) isJeil Bartlett is mentioned in 
three textbooks (31, 53 and 54) for his synthesis of Xenon hexafluoride 
at the University of British Columbia and Rj^GiUespie oF McMaster 
University is mentioned in one textbook (53) for Jiis theory of molecular 
structure. In another field. Sir Sandford Fleming fs honoured 
proposal to establish time zones and his role in the construction of the ^ 
first trans^Canadian railroad (31). Sir Frederick Banting is mehtibhed 
once for the isolation of insulin (52)^ The historical role of Atomic En- 
ergy of Canada is more or less recognized in three instances (52, 61 and 
62). One booklet in the i^iCHEM program (5ta) mentions the history of 
the petrochemical industry in Canada, and of polyethylene in Alberta. 
Textbook 44 contains the most historical cbhteht. References abound in 
it: for example, the role oF Alexis St-Martih in the study of digestion, , 
the study of heliotropism by Kevah of the University of Newfoundland, 
the study of the Dionne quintuplets. However, this biology textbook, 
like all the others, ignores the basic role of Brother Marie- Victorin bojh 
as the scientific editor of "La fibre Laurentienile" (Laarentian Flora) and 
as a promoter of science in French Canada. 

Sdciocuitural messages- predictably relate largely to matters of pol- 
lution and the management of energy as these affect Canada (15, 23, 24, 
33, 44, 52, 55, 61 and 62). Only one textbbbk (33j deals With mining as 
an important factor in Canadian Hie. In bthers (11, 15), it is rarely men- 
tioned: The northern character bf Canada in relation to science and tech- 
nology is mentioned bhly very bccasibnally: the cold climate (31, 44), 
the forests (03, 15, 16, 44), the water (32) and the fauna (13, 16, 44). 
Only one texibobk (31) deals with the Canadian lifestyle^ especially the 
diet and its deleterioiis effects in the light of medical and dietary discov-. 
eries and the exhbrtatbry and regulatory role of government s. Finally, 
som$ Id textbbbks in bur sample touch on students' career plans and 
only eight bf these offer the student detailed information about careers 
in science and techndldgy Of the ejght, seven were written in the 
United States and they are the ones that give most career ihformatibn. 

In conclusion^ we can say that Thomas H:B: Symons and James 
Page were right. Generally speaking, the science textbooks in use in 
Canadian schbbls teach almost nothing about science and technology in 
Canada, br abbut its history and impact on society. Teachers whb wish 
to inform their students oil these matters must look for relevant sources- 
bf information elsewhere. 
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Table VHi.9 - Characierislics of Science Textbooks Cdrilainihg DItIc or. No Canadian Context - Early. YeawJOi Mipe VcarJ, Biology 



Texibookcode 01' D2» 03 04^ 12 14.;: j^ ^,:.2?l„i?^. J. " SLiL^A. 

'Mors . _ _ » _ _ ■ 

Number 4 8 5 4 3 2^ 4 3 5 3 («) 1 3 4 5 2 3 6 

Canadians . 2' 1 ' _ 3 ^ 

Americans ,M 8 3 4 2 4 3 5 W 1 2 4 5 2 3 

2f 



Not Identified ^ 



Canadian' XX X ... a 



IX X X X ■ X X X X X X X 



Subsidiary'' 

X 



in ....... y 

Canada X X X X . . . _ ^ ^ 

United States X X X X X X X X 

Not identified _ ?__J _Jb:^~z__JL. 

* Textbooks iios. 01, 02 aiid 22 are French translations of American texts. 

b There are French, translations of texts nos, 04, 23, 43, 54, 56 and 63 in use in the Francophone schools of Canada, 
t Canadian ownership; the S entries iii this line are Qa^bec publishing houses. 
i Canadian subsidiary of a multinational publishing company. 
< British Columbia. 
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i The 1978 edition of this textbook lists, more than 50\ollabbratbrs, all of-thec 



However, a very few textbooks do succeed in providing both 
teacher and student with a science content in a Cahadiah context. What 
are the characteristics oF the authors and editbrr of these texts? Table 
Viii.8 clearly shows that lyheiii a Cahadiah context is present the text- 
book has been vvritteh bylCahadiahs. Oh the other hand, the fact that 
the authors are Canadian dpes^^t necessarily predict the presence of a 
Can context (see Table Vni.9). The authors of 14 out of the 18 

t^xi ks that have little or no Canadian coYitext are American; and the 
existehci of a US context in several of the textbooks shows that no ef- 
fort has been made to adapt them to the Canadian reality: iTiis is con- 
firmed by the fact that seven of these textbooks were written and 
printed in the United States. In this category, Engjish^language pubH^^ 
ers are hot represented, unlike their Quebec counterparts^ who publish 
French trapslatidns of American works: TablesJVIII.8 and V111.9 also 
show that the textbooks that offer the lea^st information on science and 
technology in Canada and on its history and social impact are used 
primarily in the early and senior years. To supplement the daia and to 
assess the relative imf)ortance of textbooks v^ith and without Cahadiah 
context, Table Viii:10 indicates the extent of their utilization by the re- 
spondents to our survey. 



Table Vlll.id - Number of Survey Respondents Usitig Textbook With and 
Without a Canadian Context : :z 





Texttsooks 
- with 
Canadian 
Context 


Textbooks 
without 

Canadian 
Context 


Others 
(with or 
without 
context) — 


Early Years 


d 


705 


94 


Middle Years 


332 


168 


307 


Senior Years 
Biology 
Chemistry 
Physics 


.7 

ao 

82 


154 
64 
53 


lib 

143 
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the Nature of Science; the History of Scieitfce and Technology 
This textbook analysis contains a section bh the nature of science for 
two reasons: Firstly, official guidelines cohtaiii objectives relating to the 
nature of science, such as: "to understand how science opera^e^s." 
Secondly, the views of critics of science education justified.such an in- 
clusion. For example, Jacques Desautels stated in his booic, Ecole + Science 

= £chec (School + Science = Failure): ^ 

"A first analysis of the popular viewj)f^scienceand^jngiheerin^a;\^ 
their relationship to the development of scientific knowledge, 
shows that an inaccurate view of reality is being conveyed, one that 
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keeps myths alive. Teaching based on this view serves to alienate 
the studeht."25 

We are immediately faced, then, with a number oF questions. The 
first stems from the very nature of the study and asks what opportuni- 
ties textbook authors give students to understand the nature of science. 
The second asks how the history of science is introduced and used by 
authors to illustrate the nature of science. These questions seeni father 
technical, but we soon realized that concepts such as the history of 
science and the nature of science have different meanings for different 
authors, and that messages about these cbhcepts are often anstated^ 
Again, our study is not a normative one, and for this reason, we could 
not very well start from one generally accepted definition of the nature 
of science (if, in fact, one existed)jihd compare it with those given, im- 
plicitly or explicitly, by authors. Rather, this study fjresents a descrip- 
tive analysis of a multifaceted and complex reality that can be called 
simply "textbook science." But what exactly is textbook science? ITiis 
question is difficult to answer, especially since there has been very Uttle 
research on the subject. Moreover, the image of science that a textbook 
portrays is only one of many the student has access to. In fact,, any image 
of the nature of science that a student hasjs likely to be devAoped frdm^ 
a blending of his own preconceptions with "spontaneous philbsbphies" 
of science held by his teacher and by textbook authbrs. It is therefore 
difficult to infer anything about a student's concept of science from 
messages contained in textbooks. 

At first glance, "textbook science" appears to operate on two levels. 
At the level of rhetoric, this is apparent from the definitions that the 
authors give: At the level of practice, it can be discerned by examining 
the type of activities required of the student (if, in fact, the aathore wmt 
students to worU like "real" scientists), by reading the textbooks' mes- 
sages that suggest to the student that "science operates this way" and by 
determining why and how authors refer to the history of^science. TTiese 
historical references generally give the student, either jmplicitly or ex- 
plicitly, an idea of the nature of science: Even for one textbook, this is a 
considerable task. We have restricted ourselves to a cursory overview 
for the purposes of this analysis^ and more work needs to be don^^^^ 
Though limited in nUinber, oar data nevertheless enabled us to raise 
several questions for deliberation: 



QuesRons Ahouf ike Nahire <^ Science AcHvifi - - - . 

Messages about the nature of science often appear in the form oF defini- 
tions of science and the scientific method: Almost all textbooks contain 
some infonnatibh bf this sort. This is especially true of eariy-years text- 
books which, althbugh not including anything for students' use, pro- 
vide teachers with messages such as the follovsring: 
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"The program is designed to help children become skilled at apply- 
ing other processes such as: observing^ measuring, recording) inter- 
preting data, using numbers, predicting, classifying, communicat- 
ing, formulating hypotheses:"^^ 
This is also the case, occasionally, with textbooks used in later years, 
whose authors view science as a collection of facts> discoveries and so 
dri, to be "transmitted" to students: 

"As was the case with the cell, the authors wish to point out, in 
these as in all the other chapters^ the latest discoveries in science 
and to have students read about them in accbuhts that are clear and 

straightforward. "2^ 

The vast majority of textbook authors tell the student that science 
represents both a product and aprbcess, even though this is expressed Jn 
various ways. Most give a defihitibh of science (or of their own^subdisci- 
pline — biology, chemistry, physics, etc.) followed by a definition of 
scientific method as a rneahs tb resolve prDblems and add to the general 
body of scientific knowledge. 

Our analysis has shown that authors of six of the 14 textbooks us^d 
in the middle years and seven of the 14 books^used in the senior years 
give a schematic description of the scientific method that includes the 
following steps (though not necessarilyjn the same order): definition of 
problem, observation, gathering of information, formulation of bypbth- 
esis, designing of experiment withjrontroUed variables, yerificatibh, arid 
cbnimUhicatidn of resttlts: This method appears in all three sUb[ects 
(physics, chemistry and biology). Some middle-years textbooks (17, 31 
arid 33) do not contain such a description but instead emphasize the 
cdritrol of variables to ensure successful experimehtatidri. Here, the sig- 
nificant question is not "how do you explain a pheridmenon?" but 
rather, "what does such a phenomehoh depend dri?" In the senior years^ 
only one chemistry textbook fails tb give a schematic defoiition of 
science (51). The textbooks do, hbwever, cdritairi intplicit messages. On 
the whole, physics textbooks stress dbservatidri and experimentation as 
the driving elements of scientific activity, with model and theory con- 
struction the expected dUtcdme. Orily dne biology textbook (43) ih- 
cludei not only a traditibrial description of scientific method but also 
one for "techhblbgical methdd," which involves following a procedure 
to the letter, dbservirig carefully and transcribing all data. 

Several df the authors who do list the steps involved in the scien- 
tific rnethdd, nevertheless, do so with reservations: 

"Iri practice, a scientist mi^t not use all the steps listed. Studies df 
the wdrk of successful scientists show that problern sblvirig is riot a 
step-by-step process. Scientists are creative people. They solve 
problems in many ways. Creativity^ luck, hard work, arid intelli- 
gent guessing are all part of scientific problein sdlving."^ 

"The traditional form of the scientific rnethbd is first dbserving na- 
ture, then seeking the regularities in the bbservations (etc;); This is 
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a good method and it may be acceptable to some scientists. How- 
ever, any method which is a combination of curiosity and imagina- 
tion and which uses experimentation to look for regularities iii 
nature^ will be an acceptable method For scientists to use."^' 
In any case, we have to ask ourselves why such a description of the 
scientific method (often followed By laboratory or historical examples) 
appears so frequently in science textbooks. It cerjtaihly does provide in- 
formation; according to the authoK, this is the way scientists work and 
this is the method to be described. To this, authors bring several implicit 
scientific and pedagogical assumptions: not only do scientists work this 
way, but ffis IS the way shidehts sfibw/^ 

"Your study of physics will in some ways imitate the steps by 
which more accurate knowledge of the world has been gradaaliy 

wbn."^ 

One author maintains that^ once the st^s involved in the scientific 
method are mastered from the beginning, then the rest will fdUow more 

easily: _ 

"0nce [these processes] have been mastered by the students, they 
are used in all subsequent units to introduce and develop the con- 
tent of science. "^^ 

Defining science as both a product and a process, therefore^ has two 
aims: it shbw& the student how to work; and it shows that scientists do, 
in fact, work this way themselves. However, we have already seen, f^^^^ 
analyzing laboratory exerci&es, that very seldom is the enHre range of 
skills involved in the sdemific method ever^rou^tinta ph^^^^ 
tibh, we ask: to what extent do textbooks demonstrate that science dp^^ 
in reality, conform to the procedural description given in the initial 
chapters? On the whole, authors make some effort to prove this claim, 
though never compromising on^ the amount of content that they must 
cover for a school year. This explains why theoretical entities are ihtrb- 
duced in textbooks as if their discovery were self-evident: 

"Theii in 1932 the neiifrort was discovered. This is a particle with a 
mass almost the same as that of the proton Jauctually it is just 
slightly heavier), but it has no electrical charge,"^^ 
When one reads science textbooks from ain epistemdlogical per- 
spective, one gains the uncbmforUble feelmg that perhaps they were 
not written with the intention bf shedding light on the nature of science 
at all: Instead, this nbtion appeared fairly recently when the concept of 
"science as process" became a dominant theme in science edacation. Or, 
indeed, is the science course the place to teach about the nature o£ scien- 
tific acHvity? As has been shown by OipWdod and Roberts,33 
greater detail by Factor and kbbser,^ this can occur, almost in^^ 
tarily^ without either the^ s^^ or the teacher being, ay^^e^^b^^^ 
model being suilested. To Wakeexplicit-w^^ the na- 

ture bf science would remedy only part of the problem/The question re- 
mains: what view of science should be tau^t? Scientific activity, as 
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described in most of the textbooks we examined, is essentially inductive 
in nature. However, the way in which content and laboratory sessions 
are organized does not favour this approach (see analysis of laboratory 
exercises). One can ask, as do Factor and Kooser, if this habit of describ- 
ing explicitly the nature of science does not represent ah element of 
what they call the "standardization" of textbbbks.^^ 

Apart from this inductivism, other characteristics that authors at- 
tribute to the nature of science include cooperation and cbmmuriication: 
"The fourth activity of science is, in many ways, the most impor- 
tant one of all: it is only through communicating ideas to others 
that a strong framework can be provided for science. Experimental 
results must be confirmed and explanations must be tested by 

others:"^^ 

From examining science textbooks, it is obvious that, bii the one hand, 
the only act of communication asked bf the student is for a laboratory 
report to be handed in. Usually, this entails lib cddperatidri with class- 
mates and at no time does the student have any original pubiication to 
look at or discuss as ^dehce bf scientific communication; Moreover, 
only one textbook, ALCHEM 10 (51), gave a different account of scien- 
tific communication, than that mentioned earher: it implicitly states: 
a) scientists share ihfbrmatibh in order to advance theoretical develop- 
ment; b) several scientists working independenjly may discover the 
same thing; and c) scientists taking part in a competition may withhold 
ihfbrmatibh fbr personal or national reasons. 

The fihal characteristic of the nature of science that we cbhsidered 
was its essentially dynamic quality: the products of science cbhtihually 

chahge. __ _____ _ _ . . 

"Over the centuries, man has very often altered his views about the 
structure of matter: Theories are not necessarily truths, but instead 
are only temporary explanations."^^ 
Generally, science has been successful in rectifying ihaccurate represen- 
tations. However, the ideas that a student has pribr to science courses 
("prescientific representations"^^) are cprnpletely ignored. A textbook 
will state, for example, that "the novice has hb prior basis for beiieving 
that the atom is planetary,"^^ when, in fact, children are widely exposed 
to this model in popular science prbgrams, cbrnic strips, advertising slo- 
gans and so forth. -. , 

The questions raised by the preceding remarks focus on the pnority 
that should be given to khbwledge abbut the natare of science |nd on 
ways to acquire it. In any case, it is very difficult to escape the need to 
determine the true nature bf sciehce. As Factor and Kooser state: 

"If science is ihdeed part bf the search for truth and if truth seeking 
is its parambuht ihterrial value (as many writers say it is), then is 
there not a mbre truthful account of thenature of science itself ?"*o 
In the meantime, it rnay be worthwhile examining in greater depth the 
suppositions implicit in textbook authors accounts of how scientific 




knowledge is developed, even thbujgh this is a difficult task aiid few re- 
searchers have ventured into this area.^^ 

Questions Abouf the History of Science and Terhn^^^ 

The use of history of science in textbooks is paj-ticularly interesting, for 
although history objectives appear to have no particular importance for 
either ministries of education or teachers, very few textbook, authors 
(except at the early years) choose to disregard the history of science 
completely. Historical messages range bejween two extremes: the first 
consists only of the names of scientists and the dates of their discover- 
ies; the second features detailed case studies from the history of science. 
On the whole, authors rarely state objectives concerning the history of 
science and, when they do, they are hot always set but in a clear and 
straightforward manner. 

"Students should recognize the contributions i.iade by various peo- 
ple to scientific knowledge."^^ ^ 

"To provide some historical perspective for the development of the 

science. "^^ _ 

"To show you some of the great ideas of science that have changed 

the world in the past and will again in the fatare 1'^^ 

"Understanding the historical development of biological concepts 
and their dependence on the nature of society and technology of 

each age."^ ^ 

". . . so students can better underetand the significance of the recent 
discoveries in biology if they first learn the classical statements of 
the problem. 

". . . to demonstrate that progress in science is not always easily 
achieved and is asoally the result of modifying a theory to accom- 
modate new information."^^ 

"We suggest that teachers should provide examples of the proper- 
ties of a model that are both concrete and set in an historical 
context:"^^ _ _ 

"We have taken time to present [. . . ] in its historical context for 
several reasons. Perhaps the most important reason is so that you 
can appreciate the nature of science as a human activity/'*^ 
There are several reasons for introducing the history of science: a) it is 
interesting in itself; bj it presents certain pedagogical advantages that 
help in the uhderstahding of concepts; and c) it illustrates the hum 
pect of science and the nature of scientific activity^Hbweven only one 
textbook mentions the inherent attractiveness of the history of science 

tb students: _ _ _ - 

"Historical narratives are used to create interest in a topic. 
Another chooses to downplay any historical reference: 

''Chemistry: Experiments and Principles presents chemistry as it is 
today ."51 
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Table Vlil.lla-d presents data on the use oF science history in text- 
books. The information we sought ^ent red boih on the two extre o 
cases mentioned earlier (from the number of scientists mehtibned to the 
number of case studies) and on examples in between (the names of 
scientists associated w[th ^ collaborative effort or with a particular 
methbddldgy, for example): The table shows that all the textbooks used 
in the middie and senior years (except onel men t ion the names of scien- 
tists, with usually more names mentioned in the senibr-yeafs textbooks. 
Of 22 textbooks^ 16 mostly use names merely tb identify a fact, law or 
theory: In only six textbooks was the prbpbrtibn bf scientists, whose 
work was described according to a systematic account of the scientific 
method, greater than 50 per cent. Most bften, the student is told of dis- 
coveries made by scientists but hot the reasons why they were studying 
the particular phenbmehbh, Mbrebvef, these scientists generally were 
not placed in any histbrical br social context: 

Finally, despite the lip-service authors pay to scientific communica- 
tion, their textbooks rarely mention the research team or communica- 
tion network within which scientists work. The most representative 
case in this regard is the account of the development oF the atomic 
model given in five chemistry textbooks52 a^the senior-years level. In 
each book, the student sees the development oF this model from 
IJ. Thomson tb Niels Bbhf, including th^ corrections made by Ernest 
Rutherfbrd and James Chadwick: At no time is the student given any in- 
dicatibh that these men knew each other (and knew each other well) or 
that the atmbsphere at the Cavendish Laboratory at Cambridge Univer- 
sity cbntributed to these achievements [11 Thpmsbn was difectbr of the 
labbratbry from 1884 to 1919 and RutherFord his student as bf 1895, re- 
placing him as director in 1919). Nor is^ there any mentibn that Niels 
Bbhr had been a student of Thomson at Cambridge and of Rutherfordjt 
Manchester, and that Chadwick had worked under Rutherford aj Canri- 
bridge: This is a prime example of "textbobk science" in w^hich histori- 
cal events are presented outside their context and the scientists 
generally portrayed (often in biographies) as solitary geniuses who had 
the right idea at the right time. 

This example raises another issue — the standardization of^ext- 
bdoks None of the five textbookjdiffered significantly in describing the 
development of the atomic model. Mbrebver, we easily found other ex- 
amples of how extensive this stahdardizatidn was. All the textbooks. For 
example, used the Haber process fbr synthesizing ammonia to illustrate 
chemical equilibrium in the gasebus state, or its appUcatjons. What ex- 
planation can there be for this unanimous choice of examples? We also 
found it curious that textbbbk authors do not usually acknowledge their 
sources used in preparing their textbooks; AhCHEM is a rare excepHon 
to this. Hbwever, new editions of American textbooks such as P5SC, 
CHEMSmdy and BSCS, do indicate that they are ba^ed oh the briginal 
edition. Is it unreasbnable to assume that these unacknowledged sbufces 
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Table VllUla - The Histor y of Scieiicttiiidence-Textbooks - Middle Years, Biology (lilj 
Tex tbook-code ll 12 13 IL 

Indiisiw of objective concerning 

liistory of science ^ ^ 



27 ll 14 32 



Total numi^er of scientists 
mentioned 



% of scientists mentioned merely to 

qualify a law, theory, etc. 1^ «<5 ^[ 

% of scientists whose work is ^ 
described according to "scientific 

method" . 67 8 0 38 

% of scienllsis associ_ated with an - - . 

historical or social context 56 4 0 16 

% of scientists mentioned 

associated with a research team, _ : 

information network, etc: 74 0 0 6 

% of women scientists mentioned ^ 0 0 0 0 

6* studies cited ^* 



Illustrations or publkations ;' 
assQciatsd with history of science 



* Spontaneous generation aiid cell theory; 
^ Discovfiry-ol ivitamin deficiency^ 
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Aim 

Irtdusion of objective concerning j^j 
history of science ^ 



Told! number of scientists • -- ^- .5 33 

mentjpned 

%pf]cienp8iw^^^^ - 43 27 

quJlify a law, theory, etc. • ^' 

% . of scientists w^^^^^ 

described according to "scientific . „ g 

it J" \ 15 43 3' 



% of scientists assixiated wi^*^ ^" -- - ^ 73 

historical of social context ^ 15 

% orscieniists mentioned ' 

associated with a research team, ^ ^ 0 

information network, etc. 0 14 



% of women scientists mentioned 



8 



7 O' 0 3« 



Castm . X* Xb Xf 

Case sfticties cited 



Illustradonsor publ^^^^^^^^^ - - ^ ^ _ j)^ 
assodited-wilh history of science ^ ^ 



i Law of definite proportions, development of periodic table, sp^al analyW^^ 
b Abandonment ofdoric theory, measuring the speed of light, them^l energy^ '^f'^rt^' 
c Several of the peat scientific ideas that ha^e helped shape the world and wiO continue to do so. 
3 The striicture of matter, the nature of heat ' 

• Marie Curie... 

f Periodic classification arid atomic model (partial treatment). 

I thf» sentences ievoted to each scientist. ^ . 



Table VIII.11C - The H istory ef ideiKdiiidenciIextboob - Senior Years, Biology (40), Physics (60) 
Textbook code < 41 42 43 44 b\ -62 



Case studies cited X* X' 



* Origih of life, phbtosynthesis, Mendel, evolution, etc; 
Many bio^aphies included. 

^ f Evpiutibn and natural selection, 

Q ^ Solar system^ force? an d movem ent, photoelectric effect, etc. 



lncluslon.of objective concerning 

history of science X 'X X- 



Total number of scientists _ . .. 

mentioned . 61 125 82 91 66 49 

I of scientists mchtibhed merely to 

qualify a law, theory, etc. 62 30 , 65 16 41 S4 

% of scientists whose work is 
described according to "scientiEc 

26 70 26 36 15 10 



% of scientists associated with an 

historical or social context 8-33 34 14 D 0 

associated with a research team, ... 

information network, etc: 3 39 21 31 44 . 6 

I of women scientists mentioned 12 5 1 6 3 2 



associated with history of science 3 ^ 1 i Q 0- 



Mm 



Indusion of objective concerning ... X X 

history of science (*) 



totai number of scientists - - - ^ ,5 

Wioned 26 61 69 50 30 35 

iofsciSsMH'ner^ ^ 60 33 

plify a law. theory, etc. 72 62 30 56 60 

^..ofMs^^^^ 

described according to "scientiBc ._ ' " i iA u 

. _.. Xv I 

% of scientists associated with an \ to ' 1 37 U 

historical Of social context 12 2 \ 68 ^ 

% of scientists, mention^ 

Ipiated with a research team, . lo n 20 

IrmaHon network, etc: 12 > 20 38 18 , u 

^ 1 \ 1 4 3 0 

% of women scientists mentioned 0 i ^ 



Case studies cited 



IllustraHons or publications n ii 0 6 2 

associat edjiith-history of science 2 ^ - ■ 

rMany historiial references and biographies of famous scieS are found throughout tHe program, 
b History of thl penodic table, development . of the atomic model, Uvoisier and the bepnmgs of quantitative 1 
\ Modem theory of ciibustion, discovery of ratetivity: 
i Atomic model and periodic table (partial treatment). 

<_AtoiBiC-theory. -" — 
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were usually other iscience textbooks and that this practice leads to text- 
book standardization? 

We also wanted to know if any authors included case studies as 
part of their historical references, basing bur defihiKbh of casejtudy oh 
the criteria proposed by Watson and Klbpfer (see Appendix DJ. Table 
Vni:ll gives some Jde^ of the use of case studies in textbooks arid, 
consequently, of t^ extent to which students are offered a view of 
science different frbrii "textbook science." In general, authors offer stu- 
dents case studies that do hot necessarily conform to the criteria chosen 
(development of tjjc atomic model is one example of this). The textbook 
with the most ca^i studiesls Pr0cl Pfiysii:s (formerly Hafvari Pri^ect Mtys- 
ics) by J. Rutherford et dl There is also a Cimadian vere^^ by D. Paul 
dl. with large passages taken from the US version. It is interesting to note 
that Fletcher Watsbh, whose criteria we Used to identify case studies, is 
one of tWs book's aUthore^ 

Table VIII.ll also shows that authors rarely include any illastra- 
tibhs br facsimiles of original publications. The wdrttcin scientist most 
bfteh cited is Marie Curie. Very few Canadian scientists are i^^nSoned, 
except in one biology textbook (44), which devotes several Knes to a to- 
tal of 14. Amoiig the Canadian scientists mentioned in other books are 
Pierre DansereaU (13), Neil Bartlett (31 and 54), SS Fredeiick^Banting 
(52), R.J. Gillespie and Gerhard Heizberg (53), Sir Sandford Fleming (31) 
and Hails Selye (42): 

In conclusion, if understanding the nature of science is bhe bf the 
main objectives of science teaching, then should students and teachere 
not be well aware of the various messages concerning the nature bf 
science found in textbooks? Is this "textbbbk science," which stems 
from a secondary textbook objective (the Erst being to cbhvey science 
content) and from a general stahdardizatibn bfjextbbbks, ari acceptable 
model? Do new policies such as the bhe in Quebec - which requires 
authors to prepare textbooks in accbrdahce with presdibed objec- 
tives - constitute a step away frbm staiidardizatidh, or are other mea- 
sures necessary? Is the "child as scientist" a proper model for teaching 
scientiBc thinking? 

We are well aware that these questions are rather broad in scope, as 
might be expected wheii dealing with the Prpblem of the nature ^f 
science as represented in textbooks. Perhaps much 9^^^*^ P/P^i^*" stems 
from aii evident lack of interest on the part of j;esearchers_to study 
science textbooks partly because of i^s^PP^?'** ^i^^^^y partly be- 
cause in North America^ texjbooks sometimes suffer From thr emphasis 
placed on "active" teaching methods and on the ihdividualizatibnof 
teaching, in which the textbook's role is not considered essential 53 Thi 
survey, however, as well as our examination bf what bccurs in sciehce^^ 
classrooms, Siow that the textbook does play ah important rble, arid we 
believe that a greater uhderstahdihg bf its impact bh students and on 
their learning is impbrtant For bbth educational policymaking a|id 



practice. 
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Appendices 



^_ V 

Appendix A - Science Curriculum Policy Documents 

All ministries of education supplied the study with policy dbcunients 
concerning their science prb^ams. However, only those required for 
analysis purposes are listed here. The list does hot, therefore, represent a 
complete inventory of all provincial science program documents. 

Early Years 

Newfoundland _ _ 

Phitos^hi^and dhjecHves for Sdmce Edumtim in Newfoundland Schools, Grades 
K'll (1978i 

Elernentary Sdehce Course JDescription (1978) 
Prince Edward Island_ 

A Siyle for Every Oiild: Prc^rarri ^Studies and Relmed lnfomaHon for the Schools 

Edward Atoni (1977-78) tamehded — 1978) 
Scmce AcHviHes i\ the Elementary School Tears l-Vl 

\ I 

Nova Scotia - . 

Science in the Elementary School: A Teaching Guide (1978^^ 

New Brunswick 

Program in Elementary SchM Snmce {1977) 

Pr^amme'Cadrl sciences d nihnentaire (1977) , 

Guide pUagogiqut, sciences i Velementaire, Premier cycte (1970); Deuxieme cycle 
(1977) 

Quebec _ . 

t'kole quihecoist, fnonce de politique et ptan d action (1979) 
Frogfamme d'etuie, primuirr, sciences de la nature (1980) 
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Materiei Mucti^u^ ugree par le ministere de I'Educafion pour les ecoles primmres di 
iahgue frm^uis^ {i979)j^^^ , _ 

EducuHmni mat^riuh approved By the mimstere de I'Educafion for use in EngUsh 
iangmge ekmentar^ schools (1979); Suppremenf (1981) 

Ontario 

The FormaHve Years (1975) 
Circular 14: Texlbooks (1982) 

Manitoba 

K^6 Science (1979) 

Saskatchewan - 

Division / Science Program (1971) 

Curricuium Guide for Division U Science (1971) 

Alberta _ 

Curriculum Guide for Elementary Science (1980 — interim) 

British Columbia _ 

Elementary Science: Curriculum Guide (1981) 

Frescribed and Authorized Learning Materials: Grades K-Xll (1979) 

Northwest Territories 

Eiementury SciBnce Program: rnterim Edition (1978) 

Yukon Territory 

The Ejcplorihg Science Program Teacher's Guide (1978) 



Middle Years 

Newfoundland _ _ _ c i ^ 

Philos(^hy_and Objectives for Science Education in Newfoundland Schools. Graces 

K'll (1978) 

Junior High Science Curriculum Guide (1980) 

Prince Edward Island _ . ? ir c lx i 

A Style for Every Child: Program of Studies andRetafed information for the Schdols 

of Prince Edward istand (1977-78_, amended 1978) ^ 

Uvels Seven. Eight, Nine Science Discovery Approach: A Suggested Program for 

RE.1. Schools \ , 

Nova Scotia 

Science in the Junior High School (1977) 
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New Brunswick 

Junior High Science (1980) 

Sciences, secondaire, premier cycle (1979) 

Quebec 

Prozramme d^fude, secoridaire 

Ecalogie 176'113 , _'_ 

IniHaKon a la biotogie kumaine 7 75-/33 (documents ^ travail, 19?0^^^ 
Maiinel didacHque ^reepar le- ministne de VEducutidn j>mr les ecoles secondaires 

de langue frangaise {1979); Sm^^ _ _ 

EducaHonal matenals approved W lHe minisfere de i'EducaHon for use in English- 
langu^e secondary schools (1979); Supplement (1981) 

Ontario _ . 

Iniermediate EHvisioh Science (1978) 
eiroilur 14: Textbooks (1982) 

M?tnitoba 

7-9 Science (1979) 

Saskatchewan 

A Curriculum Guide for Division 111 Science (1979) 

Alberta - 
Curriculum Guide for Junior High School Science (1978) 

BritishCdlumbia 

Junior Secondary Science. Curriculum /Resource Guide, S-iO (Draft, 1982) 
Northwest Territories 

Middle Years Science (1979) ^ 



Senior Years 

Newfoundland ' _ _/ _ _ _ _ _ 

mtosophy and ObjecHves for Science EducaHon in Newfoundland Schools, Grades 
K'11 (1978) 

High Schi^l Biolpgy Gurriculum Guide (1979) 

Bioto^ 2201 (1981) 

Biot^ 3201 il982)^ 

Chemish^ 2202 (1982) 

H^h School Physics Course DescripHon (1979) 

Physics 2204 (1981) 

fhysics 3204 (1982) 
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A Sfyle for_Every Child: Pr^^^^^ ahd ReldredJnformaHmf^^^^ tkeSchj>J>is 

of Prince Edward^^land (1977-78, amerided ~ 1978) 

Nova Scotia _ : 

Biology OiO, 310. Oil, 312 — A Teaching Guide (1978) 
-ehemishy Oil. 012, 311, 312 — A Teachir^ Guide il977) 
Physivs Oil, 012, 311, 312 — A Teachir^ Guide (1977) 

New Brunswick 
Biotoi^ 102-101 (1980) 

Biology 103 (1977) ' 

Biotogy 122 (1977) ' ' 

Chemxsrry 111-121 (1979) 

Chemistry 112-122 (1979) . 

Physics 111-121 (1969) 

Physics 112-122 (1979) 

Plans d'etudes: 

jBiotogie 102-122 (1972) 

Chimie 1 and 11 (1980) : 

Physiifue 112-122 (1974) 

Qaebec _ _ ' __ 

Progrummes d etudes des ecoles secondaires, BioTogie 422 (1971) 
Chimie 270-442, 270'462, 270-562 (1976) 
Physi^ue i Si '643, 181-653 {\9S0) ^ 

Matiriel didactique agree par le minislere de I 'tducatxo^our les ecoles secondnires 
de langue frahfaise (1979); SupplMehl {19S0) ^ 

Educational materials approved by the mj/histere de TEducaHon for use in Engtish- 
lar^uage secondary schools (1979); Supplerhent (1980) 

Ontario [no sehidf-years guidelines available) 
Circular 14: Textbooks (1982) 

Manitoba 

Biot(^y 200-300 — pilot program (1981) 
Chemistry 200-300 — pilot prxfgram (1981) 
Physics 200-300 — pilot program (1981) 



Saskatchewan 

Biology 20,30 (1971); Supplement (1979) 

Chemistry 20,30 (l976j 

Physics 20,30 (1976); Supplemenl (1979) 
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Alberta 

Biology W'2d-3d (1977) 
ehemistiy 10-20' 30 (1977) 
Physics iO'20'30 (1977) 

BritisH Gbluinbia 
Eiology a and J2{i97A) 

Chemistry J J: Learnii^ CHircomes and Resource !Cjuide.(l977) 
Chemistry 12: Learnir^ Oufcomes and Resource Guide (1978) 
Physics^ 11: Curriculum Guide (1981) 

Prescribed and Authonzed Learning Materi^ts: Crudes (1979) 
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Appendix B - Science Textbooks 



Books iisted here are those listed by ministry documents as prescribed, 
approved or authorized for use by students: Only books and series are. 
listed (i.e., not "kits" of ®^aipnient or aadiovisual packages). Also only 
those that cover a signilBcant proportion oF a course are identified {not} 
for example, single-topic books). Owing W the cb-existence bf ihbre 
than one edition of certain texts, only the dates of the Erst and the most 
recent editions are specified. Books are listed in alphabeticifl order by ti- 
tles within each of the FbUbwing sectibns: 

A. Early Years 

B. Middle Years 

C. Senibr Years: Cl. Biology 

C2. Qiemistry 
C3, Physics 

Where a book is listed or used for more than one- level or subject, it is 
placed at the level (axid subject) where it is most often used and marked 
with an asterisk. 

For each book listed, the Follbwing information is provided in the 
five numbered columns on the right-haiid side: 

1. The number of proytopje^tfsting the book; 

2. The number of provmces in which survey respondents have 
reported the hook as being in use> _ _ _ W . _ 

3. The number bf survey respondents reporting the book as being 
in use; 

4 . X in dica tes that teacher assessments of the book have been col- 
lated; 

5. X indicates that the book has been analyzed as part of the 

study: 



A. Early Years ^ ~ 

ApprehEssa^e de ta ipehsie sdeh^ejui ^ 1 1 11 

(Collation APS) American Association for 

the Advancement bf Science 

Traduit, Bureau de recherche et de 

cbnsultatibn en ^ucatibh 

BeaucHeihin, 1971 

Les chemins de la science 6 7 54 

V. Rockcastle et coll. 

Traduit et adapte, F. Seguin _ 
Editibns du Renouveau Pedagogique, 1978 
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Cohcepls in Science 
P. Brandweih et ah _ 
Longman, 1968-1980 (3 eds.j 

Eiemenfary Science Sludi (ES^ 
Education Development Center 
McGraw-Hill, 1967-70 

Eher^ Lilerd(^ Series 
S E.E.D.S. Foundation 
SRA, 1981 

£55 (CollecHon) 
Education Development Genter (traduit) 
McGraw-Hill, 1967-71 

Etude de ton mvirohhment 2 

J -C: MacBean et coll. 

Traduit, 1: Sabourin _ 

Adapte, R. Geryais et D. Senecal 

Holt, Rinehart & Winston, 1973-77 

(2 eds.) 

Etuiie tm milieu* ^ 
F. Mirdn et coll: 
McGraw-Hill Ryerson, 1974 

L'eveil de rer^anl par les ucHvites scienHjtques 1 
R. Tavemier 

Bordas Duhbd, 1976-78 (2 eds ) 

Exmiming Ymr Ehvironrheht {EYE) 
J.C. MacBean et ui: 
Holt, Rinehart & Winston, 1977 

Experiences in Science 
H:E. Taimehbaum et al 
McGraw-HUl, 1966 

Heuth Science Series 
H. & N. Schneider 
Cbpp Clark, 1968 

rnvest^atihg SMnce Series 
L A. Cole et al 

The Book Society of Canada, 1962 




5 2 2 



10 0 



2 4 13 X 
10 0 



154 



147 



J observe la nature fCollecHoh) 
A. Baltreys _ 
Traduiit, j: Razee 
Granger Freres, 1976 

Laidlaw Exptorin^ Science Pribram 
M.K. Blecha et al^ 
Doubleday, 1977-79 (3 eds.) 

Laidiaw Modem Science, Levels J -6 
H.A, Smith and M.K. Blecha 
Dbubleday, 1976 

Modem Elementary Science 

A S. Fischler et at 

Holt, Rinehart & Winston, 1971 

Modular AcHvities Program in Science/ 
MAPS 

C: Bergei^?^ ul^ 

Houghton Mifflin, 1974-77 (2 eds.) 

Le rhohde qui I'entoure* 
S. Rouleau <.t M. Demers 
Gugrin, 1976 

Our Science Program 
R.H. Hbrwbod et al 
Gage, 1969-77 

Science 5/1S (Learning Tkroi^h Science) 
L. Ennever, Project Director 
Macbonald Educational/GLG, 1973-81 

Science Curriculum ImprWemeht Study fSCIS) 
W: Thier et al 
Gage, 1978 

Science in Action 
L Wpblley,^^itbr 
McGraw-Hill Ryersbrt, 1975-76 

Science Involvement Program ^ 

b. Gladstone and J R. Gladstone 
Maclean-Hunter beaming Materials, 1972 

Science Reader S-P 
F.M^Branley 
Reader^ Digest, 1974 



Scienre - A Process Approach (SAPA) 
American Association for the 
Advancement of Science 
Xefox-Ginn, 1974-77 (2 eds.) 

Science: Uniersianding Your Ehvirohrhehl 
G.G. and J.B: Mallinson et ah 
Silver Burdett, 1978 

te secret ies choses: IhiHaHoh aux sciences 
iSClS) 

Tfaduit et adapt^, J:-M: Ghevrier et coll. 
Iristitat de Recherches Psychologiques, 
1970-79 ^ 

Self-Paced Jrwisl^aKons For Elernehfary 

Science (SPIES) 

G: Kata^ri a/. 

Silver Burdett/GLC, 1976 

Space, Time, Energy, Mailer (STEM) 
V. Rockcastle et al 
Addison-Wesley, 1977-80 (2 eds.) 

Wedge Resources 

G. Anastasiou, Director 

Western Educational Development Group, 

1975-79 

Young Scientist Series_ 
^ j.G. Navarra and J. Zaffbrohi 
Harper & Row/Fitzhehry & Whiteside, 
1971 

B. Middle Years 

Biot^ical Sciences: An Introiuciory Study 
W. Andrews ff al. , 
Prentice-Hall, 1980 

Biot^ie humuine 

C. Desire et coll- 

Cehtre SdUcaHf et Gulturel, 1968 

jSioiogie humaine 
P. Thibault 

Editions Hurtabise HMH, 1979 
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2 0 0 

1 i 11 

1 18 

10 0 
10 11 529 X X 

1 b 0 

10 0 

3 3 49 X X 
1 1 6 X X 
114 

I 

J 



Chaitenges to Science: Earfh Science 

RX, Heller^ a/. ' 

McGraw-Hill Ryersbn, 1976 

Challer^es fo Science: Life Science 
W.L. Smallwood 
McGraw-Hill Ryerson, 1972 

Challenges to Science: Physical Science 

R.L: Heller at ni: 

McGraw-Hill Ryerson, 1979 

Concepts und Ckdlienges in Science 

A. Winkler tt al \ 

Gage, 1979 

Developing Science Concepts ifi the Labofjitory 
M.C. Schmid and M.T. Murphy 
Preniice-Hall, 1968-79 (2 eds.) 

Earth Science* 

W:b: Ramsey ft ul. 

Holt, RJnehart & Winston, 1978 

Ecoiogie 
E.P. bduin 
Editions HRW, 1976 

Ecologie, initiation a la biologie* 
E._ Magnin 
McGraw-Hill 1975 

Energy!, Matter and Charge 
R.D. Tbwnsehd and P. Hurd^ 
Scott, Fbresman, 1973 

tes etres et leur milieu 

M: Poirier et 6: Viscasillas 

Brault et Bouthillier, 1970 

Exploring Matter and Energy 
M.K, Blecha et at. 
bbubleday Canada, 1978 • 

Explori^ Science Series 

W.A. Thurber and R E. Kilburn 

Macihillah, 1977 



2 3 
1 9. 



1 11 



0 0 



9 13 



2 109 



2 10 



0 . d 



0 0 



2 4 



3 10 



6 35 



7 75 



4 5^ 



X X 



X X 



X X 



X X 
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Ex fendin^ Science Concepis in ihe taboratory * 2 
W.H. Rasmussbh and MC Schmid, 
editors 

Prentice-Tiall, 1970 

Focus on Earth Science ^ 
M.S. Bishop et ai: 

Charles E. Merrill, 1976-1981 (4 eds.) 

Focus on Life Science _ _ _. _ ^ 
C.H Heimler and J.D. Ldckard 
eharies E. Merrill, 1977-81 (4 eds.) 

Focus on Pffpsicul Science ^ 

C. H. Heunler ei al 

Charles E. Merrill, 1969-81 (4 eds.) 

Focus on Science: Exploring Ihe Natural 

WorU ^ 

D. Gough and F. Flanagan 

D. C. Heath, 1980 . 

Focus on Science: Exploring the Phifsical 

World ' 

F. Fianagan 

D C. Heath, 1979 

Ffom Nature to Man 

B.L, Barrett ].N. Stratton 

Wiley, 1976 

ideas and Investigations in Sciehce 
H. Wong jind M. Dolmatz 
Prentice^^Sall, 1978-82 (2 eds.) 

Individualized Science Instructional System 
(ISIS) 

E. Burkmah 
Ginn, 1980 

Initiation aux sciences physiques USP) 
U. Haber-Schaim et colL 
Traduit et adapte, J.M._Chevrier et coll. 
^^_In5titat de Recherches Psychdldgiques, 
--^1^-78 (2 eds.) 

rnteractiohs of Earth and Time 

N. Abraham >^ al 

Rand McNally, 1979 
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intwrattion of Man and Biosphere 
N. Abraham it ui: 
Rand McNaUy, 1969 

Inhoducing Stience Conciepis in the Laboratory 
M.C. Schniid and M^T- Murphy 
Prentfce-HaU, 1973-77 (2 eds.) 

intrudutiion i la bioli^ie* 
P. Thibeaolt et R: D^Aoust 
EdiHons Hurtubise HMH, 1970 

Introduction aux sciences experimentuies 
M. Nbiseaux 

Editions Sciences et Culture, 1971-78 
(2 eds.) 

introduciion awe sciehces physiques 
W.A. Andrews ^^ al: 
Traduit et adapte, J: Beschenes 
Editions Etudes Vivantes, 1979 

Introductory iHiysical Sdence 
U. Haber-Schaiip a/. 
PrenHce-Hail 1967-82 (4 eds.) 

invesHgating Life Science 

M. b'Flanagan and Connelly 

Holt, Rinehart & Winston, 1980 

Investigating iHiysical Science 
M. OTlanagah 

Holt, Rinehart, & Winston, 1981 

invesHgaHng the Earth 
Anterican Geojo^cal institute 
Houghton Mifflin, 1973-81 (7 eds.) 

Invest^atidns in Science: A Modular 
Approach 

IK, Olson et al _ 
Wiley, 1974-77 (2 eds.) 

tife Science 

W:t: Ramsey ei al 

Holt, Rinehart & Winston, 1978 



I.L. Carter el at. 
Gihh, 1974-77 (2 eds:) 

Mffhois of Sciehce Today 
G. Erwin et ui: 
Clarke, Irwin, 1979 

Modern Life Science 

F:t: Fitzpatrick and J.W. Hble_ 
Holt, Rinehart & Winston, 1974 

Modern Physicai Science 

G.R. Tracy et al_ 

Holt, Rinehart & Winston, 1970 

Pathways in Science* 
jLM. Oxehhbrn 
Globe/Modem, 1978 



Physical Science 

W.L. Ramsey et ah 

Holt, Rinehart & Winston, 1978 

Physical Science: A Basis for Understunding 
J E: Garden and MJ. Gadsby 
Wiley, 1980 

Physical Science: A Problem Solving Approach 
JX. Carter et al. 
Ginn, 1974 

iPhysical Science: An Ihiroductory Study 
W. Andrews et at 
Prentice-Hall, 1978 

Physical Sciehce: Interaction of Matter and 

Energy 

F W: Heath and R.R. McNaughtbh 
D:e: Heath, 1976 

Physical Science InvesHgafions 
C.L. Bickel et al 

Houghton Mifflin, 1973-79 (2 eds:) 

Precis de biologie humaine* 
T.F. Mbrrisdn et ai: 
Traduit, A. D^carie 
Editions HRW, 1977 
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1 2 3 4 ^ 



Principles of Science 

e H. Heimler and CD. Neal 

Gharles E. Merrill, 1975^83 (4 eds.) 

Reading About Science 

C. Anastasibu e} ah 

Holt, Rinehart & Wihstbh, 1970 

Science Networks: Biology 
p.J. Mardall d al 
Glbbe/Mbdefn, 1981 

Sciences physixfues 

J.-M. Chevrier et pit: 

Institut de Recherches Psychologiques, 

1971-73 (2 eds:) 

Sciences physiques et bioli^iques 
H: Wong 

Traduit, N. Boudreau 

Editions Hurtubise HMH, 1973 

Sciences physiqul^s: matiere^ energie, 
interactions 

R.R. MacNaughtbh et R.W. Heath 
Traduit et adajpte, J. Bergeron et 
M. Mercure 

Centre Educatif et Culturel, 1.977 

Sciencewnys 

J. MacBeah et at. 

Cbpp Clark Pitman, 1979-80 

Searching for Structure* 

b.H. Pike, General Editor 

Holt, Rinehart & Winston, 1974-78 

Spaceship Earth 

J j Jackson and E.D. Evans 

Houghton Mifflin, 1973-80 (2 eds:) 

C. Senior Years 
ei: Biology 

Biological Science 

D. Galbraith et al_ 

Holt, Rinehart & Wihstbh, 1978 



13 9 

% 1 3 

2 0 0 
10 0 

10 0 

3 2 3 X 

4 3 46 X X 
4 3 93 X 

2 1 1 
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Bioli^cal Sdence 

W:H. Gregory and E H. Gbldmah 
Ginn, 1971 

Biot<^ical Stiehce: An Ecvhgiail Approach 
Biolo^cal Sciences CuJticUlum Study 
Rand McNally, 1963^78 (4 eds ) 

Bidlogicai Scienter An Intjuiry Into Life 
Biological Sciences Curricalam Study 
Harcburt, Brace, Jdvariovich/bongman, 
1963-80 (4 eds ) 

Biologitul Science: Molecules to Man 
Biological Sciences Gurriculurn Study 
Houghton Mifflin, 1973 

Bioli^e 

L. Coumoyer et O. Garon 

Editions Hurturbise HMH, 1969 

Biot^ie 412 & 422 

G. Llull 
Guerin, 1973 

Biotogie 5' et 

J.-P. Astolfi et roll. 

Librairie Beliii. 1978 

Biologie, des molecules a Vhomme 
Biological Sciences Curriculum Study 
Traduit, J:t. Tremblay 
Lemeac, 1966 

Biot^ 

j.W. Kimball et al 

Addison-Wesley, 1965-78 (4 eds.) 

Bioli^: An Inquify into the Nature of Life 
S.L. Weinberg 

Allyh & Bacon, 1966-81 (5 eds:) 

Biotogy: Living Systems 
R.F. Oram et al 

Charles E. Merrill, 1969-83 (4 eds.) 

Boiyioorks: Your Human Bid/q|y 

H. R: Scarrow 
Globe/Modern, 1979 
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15 



Foundations of Biotogy 6 5 34 

W. McE\Toy et al 
Prehtihe-Hall Canada, 1968 

L'hommv diins son milieu 2 0 0 

P. Cbuillafcl et coll. 
Guefih 1968 

Inquiries info Biology 10 0 

H.M. Lang et ni: 
Gage, 1974 

Invesiigations in Biology 10 0 

G: Benson et al 
Addison-Wesley, 1977 

InvesHgations of Cells 'and Organisms 6 11 

P. Abramoff and R. Thorn son 
Prentice-Hall Canada, 1968 

^vlngTh\ngs^ 1 2 ^ 

H.E. Teter, T.D^ BEaih, and F.L Fitzpatfick 
Holt, Rihehart & Winston, 1977 



Moiern Biology 5 5 70 

J.J. bttb and A. TdWle 

Holt, Riiiehart & Winston, 1965-82 

(6 eds.) 

Pathways in Biology* 2 4 6 

J:M. Oxenhorn 

Globe/Modern Curriculum Press, 1977 

Les sciences par ohjectifs de comportement, 

biologie _ _ 2 11 

Le Groupe SO2 

Editions du Rehbuveau Pedagbgiquc, 
i976'78 

Understanding Living Things 2 2 6 

J. Reimer and W. Wilsbii 
D.C. Heath, 1977 
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62. Ghemistry 

A in dkouverte de la chimie 2 2 4 

E. Ledbetter et J. Young 

Traduit, B: Sicotte 

Editions da Renouvcau Pedagogique, 1975 

AcHm Chemistry 2 11 

K, Ashcrbft 

The Book Society of Canada, 1974 

ALCHEM 4 2 14 X 

F. Jenkins it al. 
J.M. LeBel, 1978 

Basic Modern Chemisfry 2 11 

S. Madras 

McGraw-Hill Ryerson, 1965-78 (3 eds.) 

Chemistry 10 0 

G. R. Chbppin et al 

Silver Burdett/GLC, 1935-78 (12 eds.) 

Chemisfry: A Modern Course 1 1 ^ 

R. Smoot «/. 

Gharles E. Merrill, 1962-83 (6 eds:) 

Chemistry: An Experimenlal Science i 3 8 X 

G. Pimentel et al 
W:H: Freeman, 1963 

Chemisfry: An investigafive Approach i 2 2 

F.A. Cotton et al 

Houghton Mifflin/Nelson, 1970-80 
(2 eds.) 

Chemislry: Experimentul Poundaixons 4 5 23 X 

R.W. Parry et al_ 

Prentice-Hall, 1970-82 (3 eds.) 

Chemistry: Experiments and Principles 6 6 26 X 

P.R: O'Connor et al 

DC Heath, 1968-82 (4 eds.) 

Chemistry Today 3 3 30 X 

R.L. Whitman and E.E. Zinck 
Prentice-Hall Canada, 1976-82 (2 eds.) 
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Cliinic, iipprenHss^e ihdivuiualise 

F Morin et B. Joseph 

Editions Hurtubise HMH, 1976^78 

Ld chimie en acHm 

K Ashcroft et cbii. 

The Book Society of Canada, 1981 

tn vhimie: Science experimeniale 
G. Pimentel et coll: 
Traduit, G: Plante et coH; 
Lemeac, 1966 

La chimie: Experiences el principes 
P.R. O'Connor et coll. 
Traduit^J. Leclerc 

Centre Educatif et Gulturel, 1974-79 
(3 eds.) 

Elements de chimie experimeniale 

R. Lahaie et coll. 

Holt, Rinehart & Winston, 1974 

Elements de chimie moderne 
G. Hall et S. Madras 
Traduit, J.-P. Gravel 
McGraw-Hill, 1965-81 (3 eds.) 

Elements of Experimental Chemistry 
R. Lahaie el at. 

Translated, N. Ouzdunian et at 
Holt, Rinehart fe Winston, 1978 

Foundations of Chemistry 

E:R: Toon and G.L.Ellis 

Holt, Rinehart & Winston, 1973-78 

(2 eds.) 

Inquiries in Chemistry 

A.M. Turner and (I.T. Sears 

Allyh & Bacon, 1974-77 (3 eds.) 

Interaction of Matter and Energy 
N. Abraham et at: 
Rand McNally, 1979 

Introductory Experimental Cht'Mstry 
M.B. Messer al 
Prentice-Hall, 1977 



1 2 3 4 5 
111 

10 0 

116 

? 1 7 X 

2 2 15 X X 

3 4 6 

« 

2 11 

4 4 30 X 

4 3 40 X 
1 3 8 X 

I 

111 
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InvesHguHvi^ Scimce 
I Hand el at^ 
Gage, 1977-78 

Keys to Chemistry 

E. Ledbetter and J. Young 

Addisbn-Wesley, 1977 

MAC: a Moduiur Approach to Chmishy 
P.A. Humphreys and A C: Blizzard 
Wiley, 1976-78 

Modern Chemistry 
]. Metcalfe el al 

.Holt, Rihehart & Winston, 1958-82 
(6 eds.) 

The Nature of Matter 

D. Courheya and H. McDonald 

D.C. Heath, 1976 

Outlines of Chemistry 

R.P. Graham and W.A.E McBryde 

Clarke, Irwin, 1978 

Les sciences par objertifs de comportement, 
chimie 

Le Gfbupe SO2 

Editions du Renoaveau Pedagogique, 1978 
C3. Physics 

jSasic Physics for Secondary Schools 
H.L. Eubank ef nl 
Gage, 1963 

Concepts in Physics 
F. Miller et al 

Academic Press, 1974-80 (3 -eds.) 

Elements de physitfue 
M. Benoit et coll. 
Beauchemin, 1963-66 (2 eds.) 

Fundumeniuls of Physics 
R.W. Heath ei ai: 
DC. Heath, 1979. 
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Ideas ol Physics 10 0 

P.C. Giahcoli 
Academic Press, 1978-81 

Mntiere et envrg'w 10 0 

l.H. MacUchlah et cdU. 
Traduit et adapte, P. Marcotte 
Guenh, 1981 

Matter and Energy 1 1 26 

J:H: Macbachlan et ai 
eiarke, irwin, 1977 

Modern Physics 10 0 

C. E. Dull et al ^ 

Holt Rinehart & Wihstbh, 1963-80 

(6 eds.) 

Modern Physics 10 0 

I.E. Williams et at. 

Holt, Rihehaft & Winston, 1972 

Physics 2 0 0 

D. C. Giancoii 
Prentice-Hall, 1980 

Physics (PSSC) . 6 6 48 

tJ: Haber-Schaim et al 

D.C, Heath, 1960-81 {5 eds.) 

Physics: A Human EndeuvDur 7 5 36 

p. Paul at. _ ; 

Holt, Rinehart & Winston, 1976-77 

Physics: A Prattitai Approach 10 0 

A.J. Hifsch 
Wiley, 1981 

Physics: An Energy Introduction l 0 0 

G: Laundry et at. 
McGraw-Hill Ryerson, 1979 

Physics: Its Methods arid Menning 114 
A. Taffel_ 

Allyh & Bacon, 1969-81 (3 eds.) 

Physks: Prindples and Problems 2 2 3 

J.T. Murphy and R.C: Smoot 
Charles E. Merrill, 1972-82 (3 eds.) 
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ERIC 



d C: Barton and R J. Raymer 
Holt, Rinehart & Winston, 1967 

Physique 

R: St-taurent 

Editions Science Mbderhe, 1975 

La physique au secdndaire pur ubjettifs 
bperaHohhers 

M. Do et R. Descoteaux 
Guerin, 1976-77 

La physique eh dasse labvrutmre 
M. Benbit et coll. 
Beauchemin, 1974 

Physique HPP 
J. Rutherford 

Traduit et adapte, L. Saihte-Marie 
Institut de Recherches Psychologiques, 
1978-79 

La^hysique pnr in reiicouverie diri^ee 
I Desautels et ?.-L. Trempe 
Editions Sciences et Cuhare, 1972 

Phyr;ique tPSSe) 

y. Haber-Schaim et coU: 

Traduit et adapte, P. Tbugas 

Centre Educatif et Gulturel, 1974-75 

(2 eds.) 

Physique. . . mais c'esf ixrhple 
P.-L. Trempe 

Editions Sciences et Culture, 1971 

Physique: Science de luhivers 
O C Barton et R J. Raymer 
Editions HRW, 1970-79 (2 eds.) 

Physique, science experimentttle 

y Desautels et cbll. 

Editions Sciences et Cultupe, 1968-1970 

Projecl Physics * 

J: RutherFbrd et al - 
Holt, Rinehart & Winston, 1971 
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Les sciences par objecHjfs de comporiemenh 
physique 

Le Grbupe SO2 

Editions du RehouVeau Pedagogique, 1974 

Sciences physique 11 
Eqaipe IPS 

Traduit et adapte, equipe IRP 
institut de Recherches Psycholbgiques, 
1976 

Secondary Physics Outlines 
E.O.James 

A. Wheaton/Pergamon, 1975 

The World ^ Physics 

R I. Halsizer and D. Lazarus 

Addison-Wesley, 1972 

Themes Vuibert tphgsique) 
H.F. Bbulihd et coll. 
Librairie Vuibert, 1974 - 
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Ajppeiidix C - teachers' Assessments oF Science 
Textbooks > 



Delaiied ResuUs of Assessment 

For each textbook in the sample, the reader will find the following in- 
formation: title, aathor(sj, publisher, the number of_ users responding 
to the survey and their geographical distribution. To facilitate read- 
ing of the assessment results, we have made a few editorial changes 
in the data presentation. For each of the 10 features listed below teach- 
ers were asked to respond using a number from 1 to 4 to represent their 
assessment: 

I: Completely inadequate 

2. Fairly inadequate 

3. Fairly adequate 

4. Completely adequate 

We have combined these responses to produce two judgements as fol- 
lows: 

1 + 2 = I (Fairly or Cbnipletely Inadequate) 

3 + 4 = II (Fairly or Completely Adequate) 

Each line of the assessment table contains the following information 
(from lefj to right): 

1. The feature being assessed (lines 1-10) and an overall im- 
pression (line 11); 

2. the number of respondents assessing this Feature; 

3. percentage of responses in category I (inadequate); 

4. percentage of responses in category 11 (adequate); 

5. the ranking of this feature (R) on ah "adequacy scale" from 
1 (most adequate feature) to 10 (least adequate feature). 

As the reader will see, the number of respohdehts assessing^each feature 
(N) varies considerably from book to book (from a low of 5 to a high of 
408): it is not, therefore, possible to claim that this assessment of some 
of the textbooks is representative of all teachers in Canada who use the 
books. 
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TiiVe. Lei chemVns de la bcigme . ; r-r^i^i i 1 - j j 

Author(sl: Verne N_ Rockcastle e} al, French version of STEM, translated and 

adapted by_Eemand Seguin 

Publiiher: Editions du RenOuveau Pedagogique 

Numier of users responding to survey: 54 - . ^ 

Geographical distribution of respondents: NS (11), Que. (8), Ont. (6), Man, (15), 
< jsk. (3), Alta. (91 NWT (2) -_— _ 



Feature 



Ap pro pr ia ten ess of the scien ce 
content for the grade level you 
leach 

The rejationshjp of the text's 

objectives with your own priorities 
Readability for students 
Illustrations, photographs, etc. 
Suggested activities 
Canadian exarnplcs 
Accounts of the applications of 
science 

Appropriateness for slow students 
Apprbpriateriess for bright students 
References for further reading 
Overall impression 

Comment The assessment of the FreJSch vemion by francophgne respondents 
differs significantly from that of the English version assessed by anglophone 
respondents. — — — 



N 


1 


]] 


R 




% 


% 




49 


33 


67 


4 


50 


24 


76 


3 


50 


68 


32 


8 


50 


18 r 


82 


2 


50 


36 


64 


5 


49 


39 


61 


6 


50 


40 


60 


7 


50 


76 


24 


10 


50 


Jd 


90 


1 


50 


74 


26 


9 


50 


48 


52 





Title: Concepts in Snence — 
AathoT(s): Paul Brandwein, VV. Yassb and D. Brbvey 
Publisherj^ Lbn^ah 

Number of users responding to sui^e]^^^^ 
Geogra phical JistributlQfi-Qf respondents: Man. (3), Sask. (2), Alta. (15 

Feature 



. -ri : - 



Aj5prqpriateness bf tjie science 

content for the grade level ybu 

teach . . ^' 

The relatibnship of the text's 

objectives with ycur own priorities 

Readability for students 

1 1 1 ust r at ion s, photographs , e tc. 

Suggested activities 

Canadian exaipples 

Accounts of the applications bf 

science 

Appropriateness for slow students 
Appropriateness for bright students 
References for further reading 
Ovetall impression 



16 


44 


56 


5 


16 


25 


75 


1 


16 


50 


50 


7 


16 


25 


75 


1 


16 


37 


63 


4 


i6 


56 


44 


9 


16 


50 


3 


7 


16 


62 


38 


10 


16 


31 


69 


3 


16 


44 


56 


5 


16 


50 


50 
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12 


42 


58 


3 


11 


54 


46 


5 


11 


45 


55 


4 


11 


36 


64 


1 


11 


36 


64 


1 


ii 


91 


9 


10 


11 


64 


36 


8 


11 


73 


27 


9 


11 


54 


46 


5 


11 


54 


46 


5 


11 


45 


55 





Title: Heath Soenci Serin, Science in Your Life, Science in Your World 
Author(s): H. & N. ScHneider 
Publisher Copp Giark • 
Number of users responding to survey: 13 

Geographical distribution of respondents: PEl (1), NS (3), I^an. (1), Sask: (5)-^ 

Featur^ ^ 1 ^- 

i • % % 

Apprbpriateness of the science 
content for the grade level ybu 
lejch _ 

The relationship of the text's 
bbj^tives with ybur bwn prio:ities 
Readability for students 
niustratibns, phbtbgraphs, etc 
Suggested activities 
Canadian examples 
Accounts of the applications of 
science _ 
Appropnateness fbr slow students 
Appropriateness for bright students 
References fbr further reading 
Overall impression 

Title: LaiU^aw l^bring Science Program 
Author(sj: N4ilo K. Blecha et al 

Publisher: Doubieday Canada Ltd. • 

Number of users respbridihg tb s^ > / x 

Geographical distribution - respondents: NS (2), Sask. (8), Alta. (11), BC (76), - ^ 
YT (24) ' 
Feature 

A]3prbjpnateness of tjie science 
content for the grade level you 
teach 

The relatibhship of the text's 
objectives with your pwri pribrities 
Readability for students 
niustraUons, photbg^^^ etc. 
Suggested activities 
Cahadiarj examples 
Accounts of the applications of 
science 

Appropriaterwss fbr slow students 
Appropriateness for bright students 
References _f or further reading 
Overaii impression 

Comment: This assessnii-nJt covers a series of six books designed for students 
from grade 1 thrbugh gra de 7.- _ 



^4 


I 


!I 


R 




% 


% 




96 


13 


87 


2 


96 


25 


75 


3 


96 


26 


74 


4 


96 


IQ- 


90 


1 


96 


27 


73 


5 


94 


42 


58 


9 


91 


34 


66 


8 


93 


61 


3? 


id 


92 


^1 


69 


7 


92 


30 


70 


6 


91 


16 


84 
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Title: Modukr Activities Pr^ram in Science (MAPS) 

Author(s): Carl Bergef et at. 

PubiUher: Houghton Mifflin 

Number of users responding to sarvey: 11_ _ 

Geographi cal distribution of r e spondents; Man. (8), Alta 43)- 

Featute.- _ N I 



Appfdpriateness of the science 
content for the grade level you 
teach 

The relationship of the text's _ __ 

objectives with your own priorities 

Keadabiiity for students 

Illustrations, photo^aphs, etc. 

Suggested activities 

Canadian escamples 

Accounts of the applications of 

science _ 

Apprbpriaterf'ss for slow students 
Appropriateness for bright students 
References for further reading 
Overall impression 



8 


25 




7 


7 


2? 


71 


8 


6 


33 


67 


9 


7 


' 14 


86 


5 


7 


0 


100 


i 


6 


d 


IDO 


1 


7 


0 


100 


1 


8 


50 


50 


10 


7 


0 


100 


1 


6 


17 


83 


6 


-7 


14 


86 





Title: Space, Txmrj Energy. Matter tSTEM) 
Author(s): Verne N. Rockcastle et al 
Publisher^ Addisbn-Wesley 

Number of users responding to survey: 529 _ 
Geoeraphical distribution of respondents: Nfld. tl62> NSj52j, NB (49), QUS. (3), 
Ont (2), Man. (42), SasR. (46), AltM^J^36), YT (1), NWT (45) 

Feature N I " ^ 



Appropriateness, of the science 
cbritent for the grade level you 
teach 

The relation^jp of the text's 

objecthK^with your own priorities 

students 
Illustrations, photographs, etc. 
Suggested activities 

Canadian examples 

Accounts of the applications of 
science 

Appropriateness for slovy students 
Appropriateness for bright students 
References for further reading 
Overall impression 

Comment: THjs assessment covers a series of seven books designed for students 
from kindergarten through grade 6. — 



408 


19 


81 


2 


467 


23 


77 


4 


404 


26 


74 


6 


405 


16 


84 


1 


403 


24 


76 


5 


382 


44 


56 


8 


393 


30 


70 


7 


398 


50 


50 


lb 


398 


21 


79 


3 


390 


44 


56 


8 


402 


19 


81 
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i itle: Bioi(^aL$cience: An Introductory Study 
Author(sj: Wjlliam Andrews et at. 
Publisher: Prentice-Hall 
Number of lisere responding to survey; 49 __ 



Geographical distribution of respondents; NB (5), Oht. [AO], BC (4) 



Feature 


N 


I 


II 


R 






% 


% 




Appropriateness of the science 










content for the grade level you 










teach 


43 


12 


88 


3 


The relationship of the text's. 




19 






objectives with your own priorities 


43 


81 


5 


Readability for students 


43 


19 


81 


5 


niustrations, photo^aphs, etc. 


43 


7 


f3 


1 


Suggested activities 


43 


16 


84 


4 


Canadian examples 


41 


32 


68 


7 


Aoci-uhts of the apphcatibhc of 










science 


42 


40 


60 


8 


Appropriateness for slow stad ints 


43 


; 91 


9 


10 


Appropriateness for bri^t students 


43 


9 


91 


2 


References for farther reading 


43 


46 


34 


9 


Overall impression 


43 


14 


86 





Title: Biologif Humaine 

Authoi;(sj: Desire, Marchal arid Belariger 

Publisher; Centre Educatif et Culture! 

Number of users fesporidirig to survey: 6 _ 

Geo^aphical dist ribution of respondents; Que. (6) 



F^atQi-g N 



Appropriateness of the science 
content for the grade level you 

teach 

The relationship of the text's 

objectives with your own priorities 
Readability for students 
Illustrations, photographs, etc. 
Suggested activities 
Canadian examples _ 
Accounts bf'the applications of 
science 

Appropriateness for slow students 
Appropriateness for bright^ students 
References for further reading 
Overall impression 



% % 



6 


50 


50 


3 


6 


67 


33 


5 


6 


67 


33 


5 


6 


_p 


100 


1 


6 


S3 


17 


7 


6 


83 


17 


7 


6 


50 


50 


3 


6 


83 


17 


7 


6 


33 


67 


2 


6 


100 


0 


10 


_6- 


83 


17 
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Title: Chaiieniti ta Science: Life Science 
Authorts): yVL. Small wood 

Publisher: McGraw-Hill Ryersbn 

Number of users responding to survey: 11 
Geographical distribut[on of respondents: Alta: (11) 

Feature 



Appropriateness of Jthe science 
content for the grade level you 

teach _ _ 

The relationship of the text's __ 

objectij/es with your own priorities 

Readability for students 

Illustratibhs, photographs, etc. 

Suggested activities 

Canadian examples 

Accounts of the applicatibhb gf 

science 

Appropriateness for slow students 
Appropriateness for bright students 
References for further reading 
Overall impressio n 



tsl I " — z L 

% % 



9 


11 


89 


2 


8 


12 


86 


3 


8 


12 


86 


3 


8 


0 


100 


1 


8 


^2 


38 


7 


9 


78 


22 


9 


9 


• 33 


67 


6 


7 


86 


14 


10 


8 


25 


75 


5 


8 


75 


25 


8 


8 


12 


88 





Title: Concepis ani Challenges \n Science 
Author(s): Alan Wihfeler el at 

Publisher: Gage 

Number of users responding tc survey: 9 
Geographical distribution of respondents. 

Alta. (1), NWT-(2) 

Feature 



Appropriateness of the science 
content for the grade level you 
teach 

The relationship of the text's 
objectives with your own priorities 
Readability for students 
niustrations, photographs, etc: 
Suggested activities 
Canadian examples / 
Accounts of the applications of 
science 

Appropriateness for slow students 
Appropriateness for bright students 
References for further reading 
Overall impression 



Nfld: (1), PEI (2), Qui (I), Man. (2), 

% % 



7 


14 


86 


1 


7 


29 


71 


4 


7 


14 


86 


1 


Z 


14 


86 


1 


7 


29 


t\ 


4 


6 


67 


33 


9 


7 


43 


57 


7 


7 


29 


71 


4 


7 


57 


43 


8 


7 


71 


29 


id 


7 


14 


86 
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1B8 



Title: Drntopin^ Stienti CmcrpH itL.the Lahorahry 
Author(s): M.C Schmid and M.T. Murphy 
Publisher: Prentice-Hall 
Number of users respK>nding to survey: 109 

GgQ graphicai distribution of respondents: BC (108), YT (jj 

Feature H f 11 S 







% 


% 




Apprbpriatehess of the science 










content for the grade level you 










teach 


89 


12 


. 88 


1 


The relationship of the text's 










objectives with your own priorities 


89 


16 


84 


3 


Readability for students 


88 


19 


81 


5 


Illustrations, photographs, etc. 


87 


14 


86 


2 


Suggested activities 


86 


16 


84 


3 


Canadian examples 


85 


25 


75 


7 


Accounts of the applications of 










science 


87 


2? 


71 


8 


Appropriateness for slow students 


87 


70 


30 


10 


Appropriateness for bright students 


86 


20 


80 


6 


References for further reading 


82 


52 


48 


9 


Overall impression 


86 


12 


88 





Title: £ar?fc Sdtnce 
Author(sj: VV-L. Ramsey al 
Publisher: Holt, Rinehart & Winston 
Number of users rwix>nding to s^ 

Geogf?pbi c^t dfstribation of respondents: Nfld. (6), Sask. f 1) 

Feature N \ « R 



% % 



Appropriateness of the science 










content for the grade level you 










ieach 


9 


11 


89 


1 


The relationship of the text's 






78 




objectives with your own priorities 


9 


22 


2 


Readability for students 


9 


22 


78 


2 


Illustrations, photographs, etc. 


9 


33 


67 


4 


Suggested activides 


9 


33 


67 


4 


Canadian examples 


10 


60 


40 


9 


Accounts of the applications of 








10 


science _ _ . . 


c 


67 


33 


Apprbpriatehess fbr slbw stiidehts 


10 


50 


50 


6 


Appropriateness for bright students 


8 


50 


50 


6 


References for further reading 


9 


56 


44 


8 


Overall impression 


8 


37 


63 






Title: Les ehes e\ Veur 

Authors): M: Poirietand G. Viscasillas 

Publisher: Brault et Bbuthillief 

Numbet of users responding to survey: 10 ^ _ 

Geographical d istribution of respondents: NB (2), Que. (6), Man. (2) 

Feature N I II 



% % 

Appropriaten ss ofjhe science 

content for the grade level you SO 50 5 

The relat nshjp of the text's « 3 

objectives v/ith your own priorities 10 w pv „ 

Readability Fo^studerits ^ ^ i 

Illastratiojds, photographs, etc. 10 10 ?Q . 

Suggested acHviHes !o lb I 

Canadian examples 10 40 60 3 

Accounts of the applications of so 50 5 

science __ _ _ --- - 

Appropriateness for slow students 10 100 ^ 

Appropriateness for bright students 10 20 »0 ^ 

References for further reading ^° ^° *n 

Overall imp ression ^ 



Title: Explo6r!^ Maifer and Enerjif 
Authbr(s): Milo K: Blecha et al 
Publisher: Doubleday 

Number of users responding to survey: 35 wtts /^^^ c t tVv 

Geographical distribution of respondents: Nfld. (1), NS (1), NB (17), Sask. (1), 
Aijuu(7), BC (8) 



Fcatnre- 



N I — 



% % 



Appropriateness of the science 
content For the grade level you 
teach 

The relationship of the text 

objectives with yoor own priorities 

Readability for students 

Illustrations, photographs, etc. 

Suggested acHyities 

Canadian examples 

Accounts of the applications of 

science _ . 

Appropriateness £or slow students 
Appropriateness For ]>right students 
References for further reading 
Overall irhpressibn - _ - 



26 


42 


58 


6 


26 


46 


54 


8 


25 


16 


84 


1 


25 


24 


76 


3 


25 


20- 


80 


2 


23 


30 


' 70 


4 


24 


•i'7 


63 


5 


24 


42 


58 


6 


24 


62 


38 


10 


24 


50 


50 


9 


24 


33 


67 





170 



178 



Title: Exploring Scwtce Series 

Authors): W.A^Thurber and R,E. Kilburti 
Publisher: Macmillan of Canada Ltd. 

Nurnber of users responding to survey: 75 _ — 

Geograj>hicai distribution of respondents: Nfld. (20), PE! (1 NS (28), Man. (7), 
Alta 4I)^BC (3), YT (1) 



Feature M 1 



% 

Apprdpriatehess of ^e science 
content for the grade level you 
teach 

The relationship of the text's . 
dbjecHyes with ypur^owh priorities 
Readability for students 
IHustraHqhs^ photog^^ etc. 
Suggested activities 
Canadian examples 
Accounts of the appiications of 
science 

Appropriateness (or bright students 
Reference for further reading 
Overall impression 
Cbmmcnt: In two^ cases (f and h),-the number of "completely inadequate" 
responses exceeded the number of responses in other catego ries: 



62 


iti 


52 


3 


61 


59 


41 


6 


63 


62 


38 


7 


63 


40 


60 


1 


63 


52 


48 


3 


63 


84 


16 


lb 


63 


63 


37 


8 


63 


81 


19 


9 


63 


40 


60 


1 


62 


55 


45 


5 


63 


65 


35 





Title: fxiendittgSience Concepts in the Lahoratory 

Authors): M._Schihid et at. 

Publisher: Prentice-Hali 

Number of liseis responding to survey: 98_ _ 





N 


I 


Ii 


R 






% 


% 




Appropriateness of the science 










cbhtehf for the grade level you 










teach 


87 


32 


68 


i 


The relationship of the text's 










objectives with year own priorities 


86 


ii 


49 


4 


Readability Tor students 


85 


73 


27 


7 


Ulastrations, photographs, etc. 


86 


7Q 


30 


6 


Suggested activities 


35 


53 


47 


5 


Canadian examples .. . 


85 


79 


21 


8 


Accduhts df the applications of 










science 


85 


85 


15 


9 


Appropriat^ess for slow students 


85 


89 


ii 


10 


Apprdpriatehess for bright students 


85 


40 


60 


2 


References for further reading 


83 


48 


.52 


3 


Overall impressidh 


85 


65 


35 





lU 179 



Title: JFofii5 on Life Soen^f 

Author(sj: C,H. Heimler and J.D. Loclcard 
Publisher: Charles E: Merrill 

Number of users responding to survey: 15 ^ . 

Gedgfaph ifal diRtribution of respondents; Ont. (1), Man. (7), Sask:4^ 

Feature N I _ Jf 



% % 



Appropriateness of the science 
conlr It for the grade levei you 
teach 

The relationship of the text's 
objectives with yo"J_pwn priorities 
Readability for students 
liiustratiohs, jphotog^^ etc. 
Suggested activities 
Cahad[an examples 
Accounts of the applications of 
science 

Appropnatehess Tor slow^studehts 
Appropriateness for bright students 
References for further reading 
Q veralt im pression 



8 


12 


88 


2 


8 


12 


86 


2 


8 


25 


75 


5 


8 


0 


Idd 


1 


8 


25 


75 


5 


8 


62 


38 


9 


8 


25 


75 


5 


8 


75 


25 


10 


8 


12 


88 


2 


8 


25 • 


75 


5 


8 


25 


75 





Title: fnifiafibn aid: srifhf« p^ysi^wre _^ 
Author(s): U. Haber-Schairh a/.^ transla^^^^ adapted by J.M. Chevner 
Publisher: Iristitut de recherches psychologiques 
Number of users resi^nding to survey: 12 

Geographica l disH^hgtion of respondents: Que. (11), Man. (1) 



Feature 



% 



Appropriateness of the science 
content for the grade level you 
teach 

The relationship of the text's 
objectives with yoiir own priorities 
Readability for students 
Illustrations, Jp_h9tp|p**'F^s, etc: 
Sugg^ted activities 

C40?<^L*0 ^^4^P^^ 

Accounts of the applications of 
science _ . _ _ 
Appropriateness for slow students 
Appropriateness for bright students 
References for further reading 
Qveraii impression 



12 


33 


67 


5 


12 


25 


75 


2 


12 


50 


50 


6 


12 


25 


75 


2 


12 


25 


75 


2 


12 


92 


8 


8 


12 


67 


33 


7 


12 


92 


8 


8 


12 


17 


83 


1 


12 


Idd 


0 


10 


12 


17 


83 





ISO 



17^ 



Title^ Tnlroducihg Snence CmipfH irL the Laboratory 

Author(s): M.C, Schmid and M.T. Murphy 

Publisher: Prentice-Hall - 

Number oF users responding jo surv^^ 

Geographical d ist ribqtion of respondents; BC (90), VT (Ij 

Feature N 1 



Apprbpnatehess of the science 
content for the grade level you 

teach _ _ 

The relationship of the text's 
objectives with your pwh priorities 
Readability for students 
Illustrations, photogra etc. 
Sut^ested activities 
Canadian Examples 
Accounts of the applications of 
science 

Appropriateness For slow^studehts 
Appropriateness for bright students 
Keferehcw for further reading 
Overall impression 



% 



72 


6 


94 


1 


71 


21 


79 


3 


72 


26 


74 


4 


72 


37 


63 


6 


71 


20 


80 


2 


71 


44 


56 


7 


tl 


70 


30 


9 


72 


76 


24 _ 


Id 


72 


33 


67 


5 


71 


62 


38 


8 


72 


14 


^86 





Tikle^ Inlroductidn tL ta bioU^i pm^fcHve ecolqguiue 

Author(s): P. Thibault and R. D'Aoust 

Publisher: Editions Hurtabisc HMH 

Number of users resjKmdihg to suivey : 15 

Geographical dist rtbati o n of respondents: NB (3), Que. (12) 

Feature N I 



Appropriateness of ^he science 
content for the grade level you 
teach 

The relationship of the text's 
gbjectives with your own priorities 
Readability for students 
niustraUbhs, photographs, etc: 
Suggested activities 
Canadian examples 
Accounts of the applications of 
science _ 
^PPr9PD#teness for slow students 
Appropriateness for bright students 
References _f or further reading 
Overall impression 



% 



15 


40 


60 


4 


15 


40 


60 


4 


15 


40 


60 


4 


IS 


27 


73 


2 


15 


60 


40 


8 


15 


33 


67 


3 


14 


57 


43 


7 


15 


73 


27 


9 


15 


20 


80 


1 


14 


7^ 


21 


10 


15 


4V __ 


_ 53 





173 



Title: Life Science. A ProhTem ^tving Apprmih 
Authoi(s): Joseph L. Carter ei al 
Publisherj^ Ginn 

Number of users responding to s^^ 

Geographical distributioiL oLres ponderUs: Sask. (1), Alta. (7), NVVi (2) 

"SiturT " N : I " ^ 



Appropriateness of the scierice 
conter.£ tor the grade level you 
teach 

The relationshijs of . ._ _ 

objectives with your own priorities 
Readability for students 
Lliustrations, phptograjshs, etc. 
Suggested activities 

Canadian examples 

Accounts of the applications of 

science 

Appropriateness for slow students 
Ajjpropriatehess for bright students 
References for further reading 
Overall irnpressio a 



% % 



9 


11 


89 


1 








\ 


9 


22 


78 


2s 


9 


33 


67 


5^ 


9 


22 


78 


2 


9 


22 


78 


2 


8 


38 


62 


6 


? 


78 


22 


8 


9 


89 


ii 


10 


? 


4^ 


56 


7 


8 


88 


12 


9 


9 


11 


89- 





\ 

\ 



Title: ]^ethqds ol Scitnce Totay, Physical Science 3-4 
Author(s): George Erwin ei at. 
Publisher: Clarke, Irwin 

Number of users responding to sun^ejr: 3^ 

Geographi cal distribulidiLOljespondents: Ont. (33), NWT (1) 

Feature N ! H 

Appropriaten_ess of the science 
content for the grade level you 
teach 

The relationshi j5 of the text's ; ; 
objectives with your own priorities 
Readability for students 
Illustrations, photographs, 'Ac. 
Suggested activities 

Canadian examjsles 

Accounts of the applications of 
science^ 

Appropriateness for slow^ students 
Appropriateness for bright students 
References for further reading" 
Overall impression ^ 



3~d 


37 


63 


4 


30 


50 


50 


5 


3d 


33 


67 


2 


30 


27 


73 


1 


29 


34 


66 


3 


28 


54 


46 


7 


29 


52 


48 


6 


31 


68 


32 


9 


28 


61 


39 


8 


29 


76 


24 


10 


28 




_ 54 





182 



174 



Title: Phffsical Science: A Prohlm Solving Approach 
Author(s): Joseph L. Carter et J»t 
Publisher: Ginn 

Number of use^s responding to survey: 10__ _ 
Geographical distribution of respondents: Ont. (2>^ Alta 

feature N I 



Appropriateness of Jthe science 
content for the grade level yoa 
teach 

The relationship of the text's 
objectives with your own priorities 
Readability for students 
lilustrations, photographs, etc. 
Suggested activities 
Canadian examples 
/Vccbuhts of the applications of 
science 

Appropriateness for slow students 
Appropriateness for bright sjudehts 
ReferejQces for further reading 
Overall impression 



% % 



9 


33 


67 


3 


9 


44 


56 


6 


9 


33 


67 


3 


9 


33 


67 


3 


9 


22 


78 


1 


9 


67 


33 


9 


9 


22 


78 


i 


9 


67 


33 


9 


9 


44 


56 


6 


9 


44 


56 


6 


9 


33 


67 





Tilie: Physical Sdence: An Inb-oductory Study 
Author(s): William Andrews et at 
Publisher: Prentice-Hall 

Niimbef of users responding to survey: 87 __ 

Gecsraphical distribution of respbhdehts: PEI (5), Ont. (32), Man: (2), Sask. (37), 

Alta. {11) - 

^ . Feature N I U R 

~ % % 

Appropriateness of Ihe science 
content for the grade level you 
teach 

The relationship of the text's 

objectives with your own priorities 
Readability for students 
Illustrations, photo^aphs, etc. 
Suggested, activities 
Canadian examples 
Accounts cf the applications of 
science 

Appropriateness for &low students 
Api^ropriateness Tor J^nght students 
References for further reading 
Overall impression — 



77 


13 


87 


2 


76 


18 


82 


4 


76 


17 


83 


3 


76 


18 


82 


4 


76 


11 


89 


1 


71 


52 


48 


A 


76 


51 


49 


7 


76 


75 


25 


9 


76 


25 


75 


6 


75 


75 


25 . 


9 





16 


84 





175 



183 



Author(s): John MacBeah a/. 
Publisher: Cdpp Clark Pitman 

Num^r of users responding to <urv';y: 46 - _ . _ . . 

Geograrhjcal^t rihation of r.. ^po>>aents ; J!^^^ • ' ^ jJ^iLliiit 

feature 



; II 



% % 

Appropriateness of the science 
content for the grade level you 
teach 

The relationship of the text's . . 
objectives with your own priorities 
Readability for students 
lUustraHqhs, jphotographs, etc. 
Suggested activities 

Canadian examples 

Accounts of the applications of 
science 

Appropriateness for slow studerits 
Appropriateness for bright students 
References Jor further reading 
Overall impression 
Comment: This series, is made up of two books, "Green Level" ant: "Blue 
Level." -- — 



31 


29 


71 


• 4 


32 


37 


63 


5 


32 


37 


63 


5 


32 


19 


81 


1 


32 


22 


78 


2 


32 


4l 


59 


7 


29 


41 


59 


7 


32 


56 


44 


10 


32 


22 


78 


2 


28 


46 


54 


9 


31 


35 







Title: Seanhing foi^ Strucfure 
Authdr(s): D.H. Pike^Geriefal Editor) 
Publisher: Holt, Rinehart & VViiwtoh 
Number of users responding to survey: 93 

Geographical distribution of respondents: Nfld (84), PEI (1) , NS (8) 



Feature 



N I n 



% % 



Appropriateness of the science 
content for the grade level you 

teach ^ 

The relationship of the texj'?_____ 
objectives ^iith your own priorities 
Readability Tor students 
Illiisttatidns, photographs, etc. 
Suggested activities 
Canadian examples 
Accounts of the applications of 
science 

Appropriateness for slow students 
Apipropriatenws for)>^^^ 
References for further reading 
Overall impression 



80 


14 


86 


1 


BO 


15 


85 


2 


80 


29 


7i 


6 


80 


18 


82 


3 


80 


24 


76 


5 


78 


32 


68 


7 


77 


29 


61 


9 


79 


58 


42 


10 


79 


23 


77 


4 


78 


36 


64 


t 


79 


15 


85 





184 



176 



Title: BioioiiM Science: An Ecol^ical Abroach {BSCS Green) 
Authbr(s): Biological Sciences Curriculum Study 
Publisher: Rand McNally 

Number of utets responding to survey- S7 . _ . . .. 

Geographical distribution of respondents: NS (3), Oht. (1), Sasfe. (16); Alta; (2); 



Feature - - 


N 


I 


II 


R 






% 


% 




Appropriateness of ihe science 










content for the grade level you 










teach 


50 


32 


68 


3 


The relationship of the text's 










objectives with your own priorities 


48 


33 


67 


4 


Readability for students 


48 


21 


79 


1 


Illustrations, photographs, etc. 


47 


23 


77 


2 


Suggested activities 


48 


50 


50 


7 


Canadian examples 


47 


94 


6 


lb 


Accounts of (he applications of 








8 


science _ _ _ _ . 


47 


64 


36 


Appropriateness for slow students 


49 


65 


35 


9 


Appropriateness for bright students 


48 


48 


52 


6 


References for further reading 


46 


41 


59 


5 


Overall impression 


47 


34 


66 





Title: Biobgirai Sdence:_An Inquiry Info Life (BSCS Yellow) 
A"thbr(s): Biological Sciences Cum^^^^^^ 
Publisher: Harcourt, Brace, Jovanovich, Inc./Longman 
Numberjjf users wpoiid survey: 8 

Geographical d istribution of responden ts: NS (1)1: Ont;; .(5), M an. (1), Alta. (1) 
Feature - 



^■(5)^ M an. {!] 
I ^ II 



% % 



Appropriateness of ihe science 










cbr.iht for the grade level yuu 










teach 


7 


14 


86 


3 


The relationship of the text's 










objectives with your own priorities 


7 _ 


14 


86 


3 


Readability for students 


7/^ 




86 


3 


Illustrations, photographs, eK: 




b 


100 


1 


Suggested activities 




43 


57 


6 


Canadian examples . 


7 


86 


14 


10 


Accounts of the applicati >ns of 










science 


7 


71 


29 


8 


Appropriateness for slow students 


7 


71 


2? 


8 


Appropnateness for bright students 


7 


* 0 


100 


1 


Referer es for farther reading 


7 


43 


57 


6 


Overj . mpressibn 


7 


14 


86 - 





1^ 



177 



185 



TikVe^ Biologicvi 'Science: Moiecuits To h/fan (BSCS Blue) 
Authdr(sj: Biological Science Curriculum Study 
Publisher: Houghton Miffltn - 
Number of users responding jo suiVe^^^ 

Geograph ical distnbotiojfv of respondents: Que. (1), Man. (11 ) 

" Fi^turi ^ ^ !. _ 

: . - - - - - ^ ^ 

Appropriateness of the science 
content for the grade level you 
teach 

The relationship of the text's ^ 
objectives with your own priorities 
Readability for students 
jllustrations, photographs, etc- 
Suggested activities 

Canadian f samples 

Accounts of the appHcat >ns of 
science 

Appropriateness for sip students 
Apprbpriatehess for bright students 
References for further reading 
OvefalLimpression 



11 


9 


91 


2 


11 


9 


91 


2 


ii 


9 


91 


2 


11 


9 


91 


2 


11 


36 


64 


8 


li 


82 


18 


9 


ii 


27 


73 


6 


11 


82 


18 


9 


11 


0 


100 


1 


11 


27 


73 


6 


11 


9 


9t 





Title: Biol<^ 

Aathor(s): John W. Kimball et al 

Publisherj^ Addison -Wesley 

Number of users responding to suive^^^^^ 

Geographical distribut ion-of-respondents: Ont. (lO), Alta. (10) 



Feature N- 1 



Appropriateness of the science 
content for the grade level you 
teach 

The relationship of the text's 
objectives with your own priorities 
Readability for students 
jjlusitrations, photb^aphs, etc. 
Suggested activities 

Canadian examples 

Accounts of the applications of 
science 

Appropriateness for slow students 
Appropriateness for bright students 
References for f urjher reading 
OveralUmpress io n 



% % 



15 


7 


93 


2 


15 


13 


87 


4 


15 


33 


67 


6 


15 


_7 


93 


2 


14 


71 


29 


8 


13 


85 


15 ^ 


9 


15 


53 


47 


7 


15 


93 


7 


10 


15 


0 


100 


1 


15 


27 


73 


5 


15 


20 


RO 





186 



Title: Biolo^v: Living Syi>temi> 
Authbr(s); R F Oram ft at . 
pubiisher Charles E. Merrill 

Nuhiber ol^ users responding to survey 36 

Geographical distribution of respondents; Nfld: (35), Ont: (1) 



Feature 


N 


I 


11 


R 






% 


% 




Appropriateness of the science 










content for the jL^rade level you 


2J 








teach 


7 




1 


The relationship of the text's 










objectives with your own priorities 


28 


7 




I 


Readability for students 


28 


29 


71 




UlustratioTis, photographs, etc. 


28 


11 


HP 


3 


Suggested activities 


28 


25 


75 


6 


Canadian examples 


28 


86 


14 


9 


Accounts of the applications of 










science 


28 


54 


46 


8 


Appropriateness for slow studc;«ts 


28 


86 


14 


9 


Apprbjpriateriess for bright students 


28 


14 


86 


4 


References for further reading 


27 


15 


85 


5 


Overall imjpressibh 


28 


11 


89 





Title: Fqundahons of Biology 
Authbr(s): W D. McElroy H a/. 
Publisher: Prentice-Hali Canada 

Niimber of users responding to survey; 34 _ _ _ _ 

Geographical distribution of respondents: NB (8), Alta (1), BC (22), YT (2). 

NVVT(lj 

Feature 



Appropriateness of the science 
content for the grade level you 
teach 

The relationship of the text's 

objectives with your own priorities 

Readability for students 

Illustrations, photographs, etc 

Suggested activities 

Canadian examples 

Accounts of the applications of 

science 

Appropriateness for slow students 
Appropriateness for j^nght stiidehts 
References for further reading 
Overall irtipressibri 



N 


I 


11 


R 




% 


% 




28 


39 


61 


2 


28 


46 


54 


5 


28 


46 


51 


5 


28 


39 


61 


2 


27 


78 


22 


8 


27 


93 


7 


9 


28 


57 


43 


7 


28 


93 


7 


9 


28 


25 


75 


1 


28 


43 


57 


4 


28 


54 


46 





179 

187 





i 


11 


R 




% 


% 




63 


8 


92 


1 


63 


22 


78 


3 


63 


1^ 


81 


2 


64 


25 


75 


4 


64 


61 


39 


8 


63 


86 


14 


id 


63 


57 


43 


7 


63 


68 


32 


9 


63 


33 


67 


6 


63 


29 


71 


5 


63 


22 


78 





Title: Modern Biaio^y 

Authorjsj: J H Otto W fl/. 

I'ublisher: Kolt, Rinehart &. Winston 
Numbor of users rcspohdirig to survey: 70 

GtHWaphitai distribution of respondents: NS (28), Ont. (4), Sask. (19), Alta: (16); 
NWT (3) 

Feature 

Apf)ropriatcness of the science 
cimttMU for the grade level you 
teach 

'( relationship of the text'is 
objei tives with your own priorities 
Readability for students 
Illustrations, phbtbgraphs, etc. 
Suggested activities 
Canadian exarpple^ 
Accounts of the applications of 
science 

Appropriateness for slow^ studehts 
Appropriateness for bright students 
References for further reading 
Overall impression 

Title: L/n<?m?fln(iin^ Living Things 
Author(s): j, Reimer and W. VVilson 
Publisher: D.C. Heath 
Number of users responding to survey: 6 
Geographical distribuJion of respondents: NS (2), On 

Feature 

Appropriateness of Al^e science 
content foi the grade levci you 
teach 

The relationship of the text's 
objectives with your dwn priorities 
Readability for "^^udents 
niustrations; ^hcvo^raphs, etc. 
Suggested activities 
Canadian ^x^iriple^ 
Accounts of the applications of 
science 

Appropriateness tor slow^ students 
Appropriateness for bright students 
References for furjher reading 
Overall impression 



188 



N 


I 


11 


R 




% 


% 




5 


80 


20 


7 


5 


80 


20 


7 




60 


40 


3 


5 


80 


20 


7 


5 


60 


40 


3 


4 


2«" 


>5 


1 


5 


40 


60 


2 


5 


30 


20 


7 


5 


60 


40 


3 


4 






6 


5 


80 


20 





ERIC 



Title: ALCHEM 

Author(sj: Prank fenkins et ai 

Publisher: J.M. LeBel^ 

Number of users responding to survey: 14 

Geographical distribution o f responden ts: Alta. (13), B C (1) 

I 



Feature 

Appropriatenest of the sdence 
content for the grade level you 
teach 

The relationship of the text's 

objectives with your own priorities 

Readability for students 

lJIustrations> photographs, etc. 

Suggested activities 

Canadian examples 

Accounts of the applications of 

science 

Appropriateness for slovy students 
Appropriateness for bright students 
References for further reading 
Overdit impressioii 



N 



% 



11 

% 



14 


21 


79 


2 


14 


21 


79 


2 


14 


7 


93 


1 


14 


43 


57 


9 


14 


36 


64 


8 


14 


7 


93 


1 


14 


21 


79 


2 


14 


50 


50 


10 


14 


2? 


71 


6 


14 


29 


71 


6 


14 


29 


71 





Title: Ch^ishy: Ah ExperiTr^'^^^ ScifKct 
Aii^hof(s): G: Piraentel et al 
Publisher: W.K Freernan 

Number of asers responding to survey; 8 

Geographical dis'^-i butibn of re spolTdent sii3ue. (1), Man. (1), Sask. (6) 

?\.dture N 



Appropriateness of jhe science 
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Suggested Tictivii.^fi 
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Accounts of the applications of 
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References for further reading 
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Titlr: Chemistry: Experimental Foundat\on<> 
AmU. .\r( s ) : Robe rt W Pa rry et al. 
i {.biishcr I'rentice-Haii Onada 

Nn xbcT of users respohiiihg to survey: 23_ _ 

c;tH>j;raiihicai distribution of respondents: Que U), Ont. (7); Man: (3), Sask. (10), 

Alta. (2) - 

Feature 

Appropriateness of the sci<?hcc 
conter' for the grade level you 
teach . 

The relationship of the text's 
objectives with your own priorities 
Readability for students 
Illustrations, photographs, etc 
Sujy^ested ucr 'ities 
Canadian examples 
Accounts of t\m applications of 

Aypf rnateness for slow students 
Appropriateness for bright students 
P-r;:tnces for further nadih^ 
t>'>«T.Ul impressicn 

Title Chemishy: pqperimi'nH uYi'-' ^'^i^.n^'/^3 
AuthoT(s): Paul R. O'Connor et al 
Publ^isher: D.C. Heath 

Number cf users responding to sijrvey: 26 _ _ 

Geop.raphical distnbutior. resnciidents: Nfld. (7), NS (1), Que. (3),- Ont. (2), 
Man. (3), Alta. (ID) 
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Title: Chtmisiiy Today 

AQthOJ-(sj: Whitmjan and E E. Zi»ick 
Publisher: Prentice^HaU 

Numbe'- of users responding to survey: 3b 

Geographical distributiyn of respOndem&: JSJS (13), ^m^. (3), Ont. (14) 
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Appropi_*ateness of the science 
conten* foi ' ve^ you 
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Accounts of the a^pQcations of 
science 

Appropriateness for slow students 
Appropriateness for bright studer a 
References for further reading 
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title: La cUnmxe: ^JT^ririffs j'? ^vihnp^^^ 

:'suthor(s); Paul R:_(D'Corinor d aL translated by J. Uclerc 
Publisher: Cerjtre Educatif et (/ulturel 
Number of users responding to fv</; 7 
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fii^e: EiemenH df rhtmie experimeniale 

Auth6r(sj: R. L^haie ff aj. 

Publisher: Holt Rineharl & Winston 

Number of users responding to survey: 15 _ 

Gcographicai distribution of respondents: Que. (14), Orit. (Oj 

; Feature N 



i II 



Appropriateness df the scij&nce 
content for the grade level you 
teach 

Tlie relationship of the text's 
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Ri^adability for students 
lUustratibns, photographs, etc: 
Sugj^PSted activities 
Canadian exarhples 
Accounts of the applications of 
science _ _ _ 
Approprii:teriess for slow students 
Appropriateness for bright students 
References fd: further reading 
Overall impression ^_ 
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Title: Foii^'JaHdns of Chemish^ . _ . 
Authc. s): E.R, Toon and G.L. Ellis 
Publisher- Holt, Rinehart & Winston 

Number of users iesp<>"«*>"g *o survey: 3C_ . 

Geogtaptiical distri bution of respondents: Ont. (11), Man. (2)^BC4l5)^:yT (2) 
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Title: Inquiries in Chemtstty _ _ _ 

Author(sj: A.M. Turner and C.T. Sears, Jr. \- ^ 

Publisher: Aiiyn & Bacon 

Number of users responding . . . 

Geographicai distribution of respondents: NS (1), NB (11), BC (28) 

Feature -N — I il 
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Appropriateness for bright, students 
References for further reading 
Overaii impression 
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Title: IhU racHoh of MaUer and Energy 
Author(s): N. Abraham i/ al 
Publisher! RanH McNaliy 

Number of users responding to 5u - 
Geographici! distribution of respondents: NB (l), Sask. (5), BC (2) 

Feature j [J_ 
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Appropriateness of the science 
cpplent for the grade level you * 
trach . _ _ . 
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Prfrr'*''*cc6 for further reading 
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Title. Keys to ChemistTy 

Author(s). EU«ne Ledbetter and Jay Young 

Publisher: Addisbh-Wesley 

Number of users responding to sarvey: H , , , , 

Geographical distribution of respondents. Ont. (2), Man. (2), Alta. (4), I3C (4), 
YT(1). NWT(l) 

Feature ' .N 1 H R 
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Readabili»7 for students 
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Accounts of the applications of 
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References for ^^urther reading 
Overall impression 
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Title: futi^mentais of Physics. 
Authorfsj: R.W. Heath it ah 
Publisher: DiC: Heath 

Number of users spbhdihg to survey: 53 _ 

Geographicai distribution of respondents: NS (3), ^ue. (l), Ont. (17), SasR. (13), 

BC (19) - - 
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Geographical jdistrib utioiLQl respondents: Ont. (26) 

Feature 



rr ier»t for the grade level you 

feach 

7^0. rf.; >Hbnship of the text's 

pi with your own jsribrities 

' : rility for students 

111 u St ra tiqri s, pl^otpgraishs, etc . 

Sflgg^'^ited activities 

Canadian i»xamples 

Accountb of the applications of 

science - - 

Appropriateness for slow students 

Appropriateness for bright students 

References for further reading 

Overall impression 



45 


7 


93 


4 


45 


4 


96 


3 


45 


2 


98 


1 


45 


2 


98 


1 


45 


18 


82 


5 


4Z 


26 


74 


6 


43 


28 


72 


7 


43 


40 


60 


9 


44 


29 


71 


8 


42 


74 


26 


10 


45 


7 


93 





N 


I _ 


« 


R 




% 


0 




15 


7 


93 




15 


13 


87 


2 


is 


20 


80 




is 


40 


6^ 


5 


15 


73 


27 


9 


15 


47 


53 


6 


15 


60 


40 


7 


T5 


87 


13 


10 


15 


13 


87 


2 


15 


67 


33 


8 


15 


33 


67 





18? 



195 



Title: PhysU's tPSSCj _ 
Author(s): U. Haber^Srhaim ef at. 
Publisher; D C. Heath 

Number 6F users responding to survey: 48 ^ ; - 

Geographical distribution of respondents: NS (1). Que: (6). Oilt. (18). Man. (10), 
Sask (6 ), BC (6 ^ ^ ^, 
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Ajjpropriatehess of the science 
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The relationship of the text's 
objectives with your pwh pnorities 
Readability for stuc^ts 
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Suggested activities 
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Accounts of the applications of 
science _ 
Appropriateness for slow students 
Appropriatextess for bright students 
References For further reading 
Overall impression 
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Title: Physics: A Uuman Endeavour 

Author(sj: p. Paul et al. 

Publisher: HoU, Rinehart & Winston 

Number of users responding to survey: 36 _ ^ ^ 

Geographical distribution of respondents: Nfld. (15), NS (4), NB (8), Ont. (1), 
Alta. (8) - 
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Title: Phxi^ique jPSSCj 

Authbr(s): U. Haber-Schaiiri etui, translated and adapted by P. Tougas 
Publisher: Centre Educatif el Culturel 

Number of users responding to survey: 8 . . . . _ 
Geographical dlsiributibh oF respondents: Que. (6), Ont: (1), Man. (1) 
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Title: Project Rby^\t^ 
Au|h6r(s). J. Rutherford et at 
Publisher Holt, Rinehart it V*/jhston 

Number .*f users responding to survey: 8 

Geographical distilbut'cr. of respondents: Alta: (6), NWT (2) 
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science^ 
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Overall impression 
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Appendix b - Analytical Schemes Used in Textbook 
Analysis 

A :;lightly revised version of the documeht provided for the analysts ap- 
pears below. It was accompunied by a response sheet on which the in- 
formation was collected in a standard format. 

1. Stated Intentions o*" Science Textbooks 

2. Canadian^ Context in Science Textbooks 

3. Sciencc?-Techholbgy~Sdciety Interactions in Science Text- 
books 

4: Nature of Science (and the History of Science and Technology) 

5. Careers 

6. Scientific Skills/Procesbes 
Analysis Scheme No. 1 

Stahd inieniVons of Snence TexthocJcs . 

The purpose of this part of the textbook analysis is to identify and clas- 
sify the intentions stated bv the authors of textbooks. These are nor- 
mally to be found in the preface, but it is >f ten necessary to look 
elsewhere: You will, therefore, have to stucy the first chapter of the 
textbook, which sometimes cbhtaihs answers to the question: "Why 
study science?;" a list of learning goals (if one exists), the table of con- 
tents and; indeed, any part of the book likely to contain an explicit mes- 
sage from the authors regarding the goals of science teachjr^ that they 
wish students to attain. You should also examine the teacher's manual 

it should be noted that the ^bscvce of a stated goal is no gaarant'-e 
that the author does not providr opportunities to attain one: Howev^^^^^ 
h?re we are only interested in those ypes of intentions that the authors 
consider sufficiently important, to <t^^^ explicitly. . 

bnre you have identified intentions, t. y should be clas- 

sified according to the following jrories: 

1. Science Content 

2 Scientific Skills/Pro.: /sses 

3. Science and Society 

4 Nature of Science (Including the history of science and tech- 
nology) 

5. Personal Growth 

6. Science-Related Altitadr>5 

7. Applied Sciehce/Tethnolosy 
8: Career Opportunities 

A nuttiHer of v:ritT?ria foliow, together with examples that will facilitate 
tKc classification. 
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1. Science Cont'enh Include Here all goals that are directly related to learn: 
ing the facts, laws and theories that make up what is commoniy . ailed 
''science content/' For example: 

"Its main purpose is to provide you with knowledge about the 

physical world. 

"There are two major aims iti studying biology. One aim is to 
become acquainted with scientific facts and with ideas that are built 

on them:"^ 

it is worth noting that the method of expressing ah jhtentioh varies from 
author to author The intentions may involve the book, the teacher, or 
- the student and are not always phrased in such a way as to identify ob- 
servable behaviour. Sometimes they are simply phrased as statements. 

± Scientific Skilh/Processe^i: Include here goals cbhhected with the iritellec- 
tual processes promoted by the author as a way of acquiring scientific 
knowledge. This would include the scientific method, investigation, ap- 
titudes such as creativity, hypothesizing, experimental verification and 
so on. For example: 

"To acquaint you with the scientific method of inquiry "^ 
"it is hoped that daring this course you will develop a more inquir- 
ing attitude, and that you will think more clearly. Perhaps you will 
be able to communicate rnore positively than to say 'well, like, it 
sort of went green.' 



-J: Science and Society: The goals to be listed here include those that men- 
tion explicitly tp.p social impact of science and technbldgy. We mean by 
"social impact," changes affecting the individual and the community in 
such areas as health, work, communications, lifestyle, the economy, 
politics and the total erivirohmerit. For example: 

"The basic aim of this unit is to enable students to understand en- 
ergy sufficiently for them to mat^-? wiae decisions abdiit the use of 
energy in the Future and the conservation of energy in the 
present. "5 

"We havj therefore taken the trouble to give examples [. . . ] which 
illustrate the social implicatibas, be they good or bad, oi scientific 
pro'^ress.'/^ 



4. Nature of Science finciuding the history of science and technology): List here: 
a) those goals in which the authors e .press their point of view oh what 
science is; b) the authors' goals regardihg the history of sciehce and 
technology For example: _ 

"To help students see physics as the wbhderfully many-sided hu- 
man activity that it really is. This meahs presenting the subject in 
historical and cultural perspective."^ 
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"We wiii see the nature of science by engaging in scjentificactivity. 
We wiP seiiihe nature of chemistry by considering problems which 

^. /Vrx'Mti/ i.■Ti^i^^^i: List here intentions rejated to the student's general 
development (cognitive, psychomotor and affective). It is often difficult 
lo identify them and they are not always present. For example: 

"This particular science book is designed to give you the oppor- 
tunity to think clearly and act responsibly in dealing with yo^r en- 
viron ncnt and yoar life:"^ 

'S(> vHUdren are encouraged to respect the knowledge and opiniphs 
ofr or hers — scientists and writers, teachers and parents, and also 
other children:"io 

r Snmrv-Reinkii AiUiudei,: List here the author?' intentions regarding the 
attitudes that students should acquire towards science: enthusiasm, re- 
spect, caution, curiosity, interest and so oh. For example: 

"To develop students' attitudes of curiosity, of wonderment about 
and involvement vy^ith p hen dm eh a in their natural environ merit; to 
develop an appireciatidn for the cbritributioris of scierice to daily 
living; and to develop the value and iricliriatiori towards solving 
prbble." .s in a scientific mariner. "^^ 

7. AppUt'd Scihue and Technology: List here the iriteritidris expressed by the 
authors regarding a kribwiedge of techriblbgy arid of applications of 
scierice. If these iriteritibns iriclUde social considerations, they should be 
entered uridcr category 3 For example: 

"Time shbUld also be spent discussing the chemical industry and 

brg.iriic *?actibris."^^ 

S. CarVer OpporruniHi's: List here the intention expiessed by the authors 
i bricerriirig careers in science and technology. For example: 

"To make students aware that many careers are directly related to 
science and that a knowledge of science is helpful in people's work 

and in t4^e4X-daiLyLJife.::y„_ 

Arialysis Scheme No. 2 

Canmivan Context In Science /'exlhooh 

The goal of this part of tl>c stuc'y is to meaL:ijre the^extent tb which a 
Caiiadian context is present in science textbooks. The initial problerii 
facing us is the definition of what we uriderstarid by "Cariadian cbri- 
text." As we pointed but in the rationale for the study, the scientific con- 
ient of a textbpbk represents the surri total of the scientific facts, laws 
and theories. The confext is defiried as the sUrri total of all the information 
that docs not form part of the cbriterit. The Canadian context is, there- 
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Fore, that part of the general context that makes reference to Canada in 
eac*' of the following aspects: physical, histdrical and sociocultural. 

The term "Canadian context" raises the question of nationaiism in 
science teaching. We have hb desire to enter into ^he debate over the 
universality and unity of science, nor to discuss what constitutes an ac- 
ceptable quantity of Canadian context These questions have already . 
been the subject of extended debate and contmue to generate heated 
discussion. Our aim here is to furnish data for these debates and discus- 
sions. For the purposes of this analysis, we will use the foLlowing defini- 
tion of the Canadian context in science textbooks: The_body_ of fhe 
informafion confamed in the textbook that is unequivocaUy related to Canadian cir- 
cumstances in aft forms, and to whatever is unique therein. . . ^ 

bur preliminary research has revealed that the Canadian context, 
when jt is present, takes a wide variety of forms and cannot, be entirely 
determined from the table of contents or from the index. In that it is 
generally very aneveniy distributed, it is impiossible td^ive a rigbrbusly 
valid account through an analysis of a random sample of chapters or 
pages This analysis must, therefore, consider eachjjage in detail. 

The analytical scheme is composed of a series of questions, the an- 
swers to which will enable us to: _ _ 

i determine the degree to which a Canadian context is present; 

• quantify passages in which the Canadian context is replaced by 
a foreign context for no compelling reason. 

The degree to which a Canadian context is present will be deter- 
mined using three dimensions of the context: physical, historical and 
sociocaitural. 

1. Physiral Dtmensiori: This dimension is compbsed of all the messages 
that include a reference to the Canadian gebgraphic environment^ These 
maj^^be Illustrations (photographs, drawings or graphics) or phrases 

such as: 

"In California, for example, is magnetic north east or west of true 
North? In Quebec, on which side bf true north is magnetic north? In 
Florida? In Newfoundland?"^^ 

2. Historical Dimension: This dimension involves all the messages con- 
cerning the history bf scientific or technological activity in Canada. Be- 
low are some examples: — 

"In 1879, an butstanding Canadian erigineer. Sir Sandford Fleming, 

suggested dividing the earth into time zones. "^^ 

"The first reactor in operation outside of the U.S. is the ZEE (Zero 
Energy Experimental Pile) which tStarted up on September 5, 1955 
at Chalk River, Ontario."^^ • 

J. Socioculturat Dimension: The analyst should compile all those messages 
that bear on the impact of scientific and t^nological activity on the 
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economic, political, social and caltaral aspects of Canadian life. One 

example: 

"More and more Canadians are buying processed foods because 
they are easier to prepare: However, processing food can remove vi- 
tamins from it; In Canada, we add some vitamins to many pro- 
cessed foods to replace those that are lost during the processing. 
This is called enriching the foods.''^^ 

The Forei^ti Context 

In 1973, the Ontario Royal Commission dri publishing in Canada con- 
cluded as follows: 

"Let it be clear that we would never advocate the artificial incdrpd- 
ratibri of the Canadian cbriteht where this wduld be irrelevant td 
the purpose of a book. What we dd call fdr is the presentation of 
subject matter frdrti a Canadian perspective whenever the alterna- 
tive is a fdreign perspective."^® 
To what extent do science textbooks cdhtinue td give preference to a 
foreign perspective iri Canadian schddls? In order td answer this ques- 
tion, we must examine thdse aspects of the cdntext which present a non- 
Ciinadiiui pdint df view when a Canadian point of view would have been 
more apprdpriate and possible: Below is an example: 

"Arid if we wait, what shduld be ddne about the serious pojye^ 
shdrtage that now exists in the Northeastern United States,^ and 
that threatens td becdme a problem for the entire nation?"^^ 

Analysis Scheme No. 3 

S^£'^7r^'-^£T/IN<7/<7i'j/-S^i^^'/l/ tnteracVion^ iYi Science Textbirok':> 
Most of the ministries and departments df educatidn in Canada believe 
that brie bf the aims df the teaching df science is to make students aware 
bf the sbcial implicatidns of science and technology: The following two 
examples illustrate this. 

Aims of the teachirig df natural sciences (Quebec, elementary level): 
"To enable the child tb develop as an independent, creative in- 
dividual who is called Upon tb live in a scientific and technological 
sbciety."^^ 

Goals of the chemistry prbgram (Nova Scdtia, senidr-high level): 

"Students will acquire the basic chemical kndwledge in making 
decisions required bf pflrHdpflH/7^ c\t\zeyis of a fechndtogicat nation. They 
will develbp a realistic as bppbsed tb a hdstile dr fearful attitude to 
chernistry. 

"This will be accomplished through an Understanding df the 
irifluerices of chemistry and chemical techndldgy dn oar society, 
bur everyday life and bur envirdnment. By becoming aware of the 
pdteritial Uses and abuses df chemicai knowledge, students wiH 
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question the uses to which chemis*|y^d cheiiiicai technology are 

This tendency to give a social perspective to the teaching of science is 
not UhiqUc to Canada. Glen Aikenhead remarks that "the need for a 
science and engineering teaching program that takes their interactions 
with society into account. ; . has been spotlighted in Canada, Australia, 
Great Britain and the United States, and at the international level by 
UNESCO."^- 

This jjart of the analysis of textbooks is aimed at determining 
whether the science textbooks used in Canada contain information or 
pedagogical strategies designed to present scientific arid techi ological 
activity iri a social light: 

Mentitiintion of STS rnteradwns.m a Textbook - . _ . 

A prelimiriary study has eriabled us to discern two ways in which the 
social impacts of science and technology are incorporated in science 

textbooks: . , , r • 

i by structuring the coriterits of books on the basis of these im- 
pacts and using them as a justification for the teaching of 

science; 

i by mentioning the social cbrisequerices of scierice arid tech- 

nologrin p-.ssingr fcn--exampler4>y-examimng the^uesttorts^ 

raised by riuclear power gierieration daring the study of nuclear 

reactions in chemistry or physics: 
Some authors, for manyieasons, do riot iriclude any social co/isidera- 
tions in their textbooks. Regardless of how the authors may choose to 
incorporate a social context, we shall define STS interaction in a text- 
book as follows: The sum Mai of messages wntnining informahon on Ihe sonal 
impact of scierUijic and technological activity and the sum total of the pedagogical 
.tmtegie. Ique,licm. experiments, projects, etc:) designed to make the student aware 

of tills impact. 

Taking as. a basis the works of Glen Aikenhead,^^ John Ziman,^ 
and Graham Orpwood arid Douglas Roberts," we shall classify these 
messages according to four categories that, in our view, constitute what 
is essential for STS iriteraction for the primary and secondary 

levels. :^ , . . 

1 Messages that iriVite students to use their soeritific arid tech- 
nological kridwledge for applicatioris of bericfit to themselves 
or their cbmmuriity; . 

2 Messages that describe the beneficial or detrimerital effects of 
scieritific arid techridlogical activity ori the welfare of society, 
at the riatibrial arid international levels; 

3 Messages dealirig with the ways iri which a society exploits 
scieritific arid techridlogical knowledge to solve national or in- 
tcrhatibrial problems; 
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4. Messages dealing with the ethical and legal aspects of scientific 
and technologicai activity: 
Here arc several examples of messages taken from a sarnpling of text- 
books and classified according to the Four categories. 



"City and community planning is one kind of conservation: Have a 
member of a government pianning commission visit your class to 
explain how community planning aids the conservation of human 
rcsources."^^ 

"Make up a menu for one day of foods that you like. It should be 
worth 38 points. You must show it supplies the right amount of en- 
ergy, carbohydrates, fats, proteins, vitamins, minerals, fibre and 
water. "^'' 



"What about labour-saving househoid appliances? Do ^hey really 
make life easier for the upper- and middle-income families who 
own them? 'Not much/ says the critic, because the work done by 
such machines was previoasly done by servants anyway. OF course 
industrialization rnd electrification have created some jobs For peo- 
ple with little training: These jobs may be more attractive than 
work as a servant, but they still do not pay very well. As a result, 
many low- income families cannot afford more than one maxpr elec- 
trical appliance. The one usually purchased by such families is a 
television set, which, the skeptics say, is not likely to contribute 
much to improving the quality of life."^* 

Category 3: 

"Humanity faces the problem of overpopulation. Scientists are try- 
ing to find new means of solving the problem of overpopulation. 
They are looking for ways of: prodacing more foot ontroUing 
harmful organisms and diseases; developing new agricultural re- 
gions; designing houses to accommodate greater number oF 
individuals:"^^ 

Category 4: 

"The use and cdntrpl of nuclear weapons is a vital issue in the world 
today. Scientists taking part in the develbprrierit of the bomb were 
foremost among those insisting that further bomb testing be halted. 
The result was a rrioratorium on atmospheric nUclear testing by 
several countries in 1963."^ 



Fiiiaiiy, tile following critena arc added: . 

• The passages must be topical in character. Any account of STS 
interaction in the past will be included in the same analysis of 
the history of science in science textbooks; and 

• mere descriptions of the application of science, e.j^. "one or 
more of the hydrogen atoms oF_ethylehe can be replaced by 
groups such as -F, -Cl, -CH3 or -COOCH3. The resulting prod- 
ucts are synthetic polymers with such commercial names as Te- 
flon, Saran, Lucite and Plexiglass"3V will not be taken as 
messages about STS interaction. The description of the social 
impact here, for all practical purposes, is nonexistent: 

The analyst must identify messages relevant to STS interaction, 
classify them according to their categories and, on the basis of a line 
count, measure the percentage of space they occupy within the chapters 
from which they have been taken. For each category the analyst must 
seek the fbllbwihg information. 

Catei^orv 1: This includes _____ _ . 

^. the kind of activity called for (personal or collective action and 
in what environment - home, school, commuriity); 

• the nature of this activity (direct action, information gathering 
or reflection); 

• the frequency of these activities. 

Indicate the number of activities in the following table: 



Category 1: Table 



Direct action Information gathering Reflection 

School 
Home 

Com m unity „_ „ — ; — 

Number of activities suggesting personal action 
Number of activities suggesting collective action 

Each analyst should select one or two messages they believe to be repre- 
sentative and copy them but. 

Calegory 1\ This includes 

• the kind bf scientific and technological activity that has conse- 
quences for society; 

• the beneficial or detrimental nature of these consequences, ac- 
cbrding to the author; 

• the presence of a discussion on the beneficial br detrimental na- 
ture of these consequences; 
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• the location of these consequences (national or ihterhatidhal 
point of view). 
Enter these items in the following table: 



Category 2: Table 



Type of 
consequence 

1. 
2. 
3. 
4. 

etc. 



Consequence 
considered 
benefiet^l/ 
detrimental 



Discussion 

present 

yes/hb 



Location 
national 
ihterhatibhal 




Category J: This includes 

• nature of the problems for which science and technology can 
provide a solution; 

• degree of certainty, according to the author, with which this so- 
lution can be found; 

• context of the problem (national or international). 
Enter these items in the following table: 



Ca tegdry 3: Ta ble 

Nature of 

yie_prob[em and Pegree t>f 

description certainty Context % »n the 

of the absolute/ nationai/ chapter, 

sbliitibh doubtful international -(estimate) _ 

i. 

2. 

3. 

4: 

etc. :: - z 

Category 4: This includes 

• problems in which ethical considerations are evoked; nature of 
these problems and context; 

• problems in which legal considerations are evoked (regulation, 
etc:); and nature of these problems and context: . 
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Enter these items in the following table; 



Category 4: Table 

eontoxt % in the 

Character national. chapter 

i'fobioms othical/lcgal international (estimate) 



3. 
4. 
ell 



Analysis Scheme No. 4 

Narurf of Sritnn (an^ the History of Sdence and Technoio^y) 
The ways in which the authors of textbooks present the nature of 
science and the history of scientific and technological activity, as well as 
the space they devote to the history of the sciences vary considerably. 
The reasons why the authors of textbooks introduce a certam historical 
depth into their works are also very different^ At all events, passages 
relating to the history of the sciences and the nature of scientific ac- 
tivity, when present, are the subject of critical comment. 

"A preliminary analysis of the image of the scientist (the genius) 
arid his role in the evolution of sdenti^c knowledge, shows that 
only a partial picture of the reality is cOriveyed, one that tends to 
perpetuate myths, Now, all pedagogical activity of this kmd con- 
tributes to the student's alienatibri. He will assume that these scien- 
tific 'whizzes' are responsible for the growth of knowledge and will 
believe that this field is reserved for an ^Ute, in short he will be m 
awe of the persons and stateriients of these scientific geniuses.'" 
"Significant discrepancies exist between the historical record ^of 
science and historical content often included in science textbooks. 
The consequences of distorted historical content are particularly 
significant for that majority of students who do not become 

scientists."^'' , - 

Thomas Russell, the author of the second quotation, commented that 
"there is an . . important need for riesearch which studies the provision ac- 
timiiu made by textbooks and by teaching for students to develop images of 
science and scientists."^^ This part of the anajysis is in part a response to 
this recommendation. Its aim, in fact, will to examine the kinds of 
steps the authors take to inform students about the history of science 
and the nature of its activities. 

IBB 
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SpecificnHy, the analysis must answer the foHowing two questions: 

• To what extent is the history of science presented in the text- 
book and in what form? 

• What concept of the nature of science do the authors advance? 



/: H'v>ior\i of scictui' 

Aims: Copy out the authors' intentions (if stated) regarding the inclu- 
sion of historical aspects in their textbooks. (Refer to scheme 

Scientists (in the text): Using the index, copy down the names of all the 
scientists mentioned and the page numbers of the textbooks on which 
the authors discuss them; then answer the Following qucstibhs. 

• What is the total number of scientists mentioned? 

• Of these, how m.any are mentioned only to characterize a law or 
theory? (For cxarriplc: "VVe can therefore write PjV| = I^jV^. 
This is called Boyle's law." "In 1887, Hewrich Herz discovered a 
phchbrricrioh called the photoelectric effect.") 

• Of the total riiirriber, how rriahy of the accbmplishmehts of 
scientists are described in a rriahrier cdnfdfmihg to a traditional 
cbhccpt of the scientific method (dbsefvatiohs, hypotheses, ex- 
periments, etc.)? 

• Of the total number of scientists cdiiritcd above, how many are 
described in an historical arid social context? 

• Of the total riiimber of scientists, how many are mentioned in 
cohriectidh with a research group dr an exchange of information 
between them and their colleagues? 

• Classify the scientists by nationality and determine the per- 
centage for each country. 

• What percentage of the scientists are women? 

Ctise Studies: A case stady in the history of science, according to Klopfer 
and Watson: 

"involves the critical study of the development of a major scientiRc 
concept; [It] not only involves the final result of the scientific in- 
quiry but stresses the scientists who were involved, the informatibri 
available to thern, their search for better facts and explanations, and 
the intellectual and social climate in which they wbrked."^^ 
The analysis rnust answer the following questions: 

• Does the textbook include case studies in the history of science 
that involve all the elernehts pointed but by Klopfer arid Wat- 
son? Look fbr a study criUcdl in nature about the develbprrieht of 
a rriajbr scientific concept that rneritibris the scientists involved 
and their relationship, the ihfdrrriatibh available td them, ho'fv 
they searched fbr better fa.'.ts arid explanations arid the iritellec- 
tlial arid social clinlate iri which they worked. 

• If sd, hdw rriariy? 
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• And on what subjects? Selec.t up to three case studies that show 
a high degree of breadth and quality. 

• The "great men" approach and the "case studies" approach 
have been selected because they most frequently occur in 
science textbooks: Does the textbook examined present any 
particalar approach to the history of science that seems origi- 
nal? What seems to be conveyed by this approach? Please 
illustrate. 

• Does the textbook reproduce original illustrations or publica- 
tions associated with the history of science? If yes, how many? 



2: The nuturi' of science _ . ... .. __ 

• Gopy out the definitions of science (or of a particular discipline: 
physics, biology, etc.) given by the authors. 

• Copy out the descriptions of the scientific method (or scientific 
approach, scientific thought processes, investigation, etc:) given 
by the authors. 

• Illustrate types of ihformatibh relevant to the nature of science, 
i.e., material from which students might reasonably be able to 
deduce, "Science is like this. . . " 

• Estimate the quantity of each of such statements on average 
through the book based on random samples of text. 

Analysis Scheme No. S 

Careers 

To what extent do the textbooks deal with careers in the fields of science 
and engineering and invite students to consider thesejields? This part of 
the analysis is intended to provide answers to these two questions. Bear 
in mind that the analysis is descriptive in its intent. The question of de- 
termining whether it is appropriate to invite pre-university students to 
consider scientific careers, Hke the question of determining whether 
science textbooks are the most suitable vehicles for conveying such 
suggestions, will be discussed at a later time. 

The analyst must answer the following questions: 

• Does the textbook contain anything about careers in science 
and engineering? 

• If yes, make a list of the careers described in the textbooks. 

• For each career answer the following questions: What level of 
education is required for this career? Pre-University, Bachelor's 
degree. Master's deigree, or Doctoral degree? Is it of a mujtjdisci- 
plinary character? Do the authors mention the names of poten- 
tial employers? Do the authors indicate the personal skills 
needed for this type of career? If the career m question is illus- 
trated by photographs, how many of them are of men? of 
women? Is the student explicitly invited to adopt this career? 
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Analysis Scheme No. b 

Scien iific Skilh /Processes 

Laboratory work provides students with various occasions to develbp 
particular scientific skills and processes through direct interaction with 
materials. The laboratory manual is the part of the textbook concerned 
with these activities and contains instructions to be followed by ' le stu- 
dent in order to carry out experiments. The instructions trahsl te into 
specific tasks that will be examined in this analysis by using a' instru- 
ment (the "Laboratory Structure and Task Analysis Inventc.y") de- 
, signed by Marlene Fuhrman, Vincent Luhetta, Shimshbh Nbvick and 
Pinchas Tamir. Since the complete ihstrument with instructions for its 
use has been published elsewhere, only the basic categories are repro- 
duced below. 

The goal of this part of the analysis consists oF sorting but the types 
of laboratory activities suggested by textbook writers and idehtifyihg 
the types of intended behavioural gutcdmes of these activities. At a 1*^ er 
stage, we will assess the degree pF comrr\bhality between the scientific 
skilis/ processes expected by ministries bf education and those intended 
. to be developed through the use oF the laboratory workbooks. 

LahonUor^ Sfrucfure and Task Amtysis Inventory 

Organizational Categories 

A. Structure 

a.l HigPf'structure 

a. 2 bow structure, open 

a. 3 Inductive approach 
i\.A Deductive approach 

B: Relation to Text 

b. l Precedes text 
b.2 Follows text 

b. 3 Integrated with text 

C. Cooperative Mode 

c. l Students work on a common task and pool results 
C.2 Students wbrk bri different tasks and pool results 
C.3 Postlab discussion required 

D. Laboratory Simulations 

d. l Student performs "dry j^b" — data given by authors 
d.2 Student perforrhs task that simulates or models 

phenbmeha 

d.3 Student perforrhs experirhent by gathering data from a 
secondary source 
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d.4 Student performs simulated expc?rimcrit by interacting 
with *i program 

Task Categories 

1:0 Planning and Design 

1.1 Formulates a question or defines problem to be investi- 
gated 

1.2 Predicts experimental result 

1.3 Formulates hypothesis to be tested in this investigation 

1.4 Designs observation or measurement procedure 

1.5 Designs experirhent 

2:0 Performance 

2; la Carries out qualitative dbservatidri 

2: lb Carries out quantitative dbservatioh or measurement 

2:2 Manipulates apparatus; develops technique 

2 3 Records results, describes observation 

2.4 I'erforms numeric calculation 

2.5 Interprets, explains or makes a decision about experimen- 
tal technique 

2.6 Works according to own design 

3.0 Analysis and Interpretation _ 

3:1a Transforms results into standard form (other than graphs) 
3:1b Graphs data ' 
3; 2a Determines qualitative relationship ^■ 

3 2b Determines quantitative relationship 

3.3 Determines accuracy of experimental data 

3.4 Defines or discusses lirnitatibns and/or assumptions that 
underlie the experiment 

3.5 Formulates or prbpbses a gcneralizatiun or model 

3.6 Explains a relationship 

3.7 Formulates new questions or defines problem based upon 
results of investigation 

4:0 Application _ 
^1.1 Makes predictions based upon results of this investigation 
4,2 Formulates hypothesis based upon results of this 



investigation 



4.3 



Applies experimental technique to new problem or 
variable 
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